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Abstract

Since the identification of the fibrillin-1 gene as the
causal gene for Marfan syndrome, our knowledge of
molecular genetics and the applicability of genetic test-
ing in clinical practice have expanded dramatically.
Several new syndromes related to thoracic aortic aneu-
rysms and dissections (TAAD) have been described and
the list of underlying genes in syndromal and nonsyn-
dromal TAAD already includes more than 10 different
genes and is rapidly expanding. Based on this knowl-
edge, our insights into the underlying pathophysiology
of TAAD have improved significantly, and new oppor-
tunities for targeted treatment have emerged. Clinicians
involved in the care of TAAD patients require a basic
knowledge of the disease entities and need to be in-
formed on the applicability of genetic testing in their
patients and families. Gene-tailored treatment and man-
agement is indeed no science fiction anymore and should
now be considered as part of good clinical practice. We
provide a systematic overview of genetic TAAD entities
and practical recommendations for genetic testing and
patient management. Copyright © 2013 Science International Corp.
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Introduction

Over the past decade, expanding knowledge of the
genetic basis of Thoracic Aortic Aneurysms and Dis-
sections (TAAD) significantly improved our under-
standing of the pathogenesis of the disease and im-
proved our ability for risk stratification and medical
guidance of patients and their families. Strategies for
molecular genetic testing have reached a hinge point
with the introduction in routine diagnostics of high-
throughput next generation sequencing techniques.
It is therefore extremely important that clinicians in
the field know the indications and limitations of mo-
lecular genetic testing. These will be reviewed in this
manuscript.

Etiology and Classification

The etiology of TAAD is complex and heteroge-
neous. Degenerative aortic disease related to classical
cardiovascular risk factors such as smoking, arterial
hypertension, and hyperlipidemia are the main cause
of TAAD in older patients. In younger patients with no
risk factors, other causes, including genetic disease,
should be considered. Genetic aneurysmal disease
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can be categorized in three main groups: (i) inherited
syndromes predisposing to early onset TAAD (<5% of
all TAAD) such as Marfan syndrome (MFS), Loeys-Dietz
syndrome (LDS), and Aneurysm-Osteoarthritis syn-
drome [1-3]; (ii) familial forms of TAAD (FTAAD - 20%
of all TAAD) including patients with confirmed disease
in first-degree relatives and evidence for an autosomal
dominant inheritance pattern; these patients may
sometimes present with associated cardiovascular le-
sions such as biscuspid aortic valve (BAV), patent duc-
tus arteriosus (PDA), or cerebrovascular disease [4-6];
and (iii) isolated or sporadic forms of TAAD (80%)
including patients with no family history or clinical
features of a syndromic TAAD disorder. The latter two
categories are the so-called nonsyndromic forms of
TAAD as opposed to the syndromic forms of the first
category.

Table 1 provides an overview of syndromic and
nonsyndromic forms of TAAD with their correspond-
ing genes and clinical features. Discriminative features
are in bold.

The paradigm disease for genetically determined
syndromic TAAD is Marfan syndrome (MFS), caused by
mutations in the fibrillin-1 gene (FBNT). The diagnosis
of MFS is based on the identification of clinical man-
ifestations and may be supplemented with FBNT gene
sequencing. Cardinal manifestations include dilatation
of the aortic sinus, lens luxation, and a combination of
additional features defined by the “systemic score.”
Dilatation of more distal parts of the aorta occurs in a
minority of MFS patients [7-9]; patients who under-
went previous surgery of the ascending aorta seem at
increased risk. A recent study from Mimoun and col-
leagues demonstrated that dissection in the descend-
ing part of the aorta may occur whatever the diameter
of the ascending aorta [10].

In 2004, Mizuguchi et al. identified mutations in the
Transforming Growth Factor Beta Receptor 2 gene
(TGFBR2) in a large family and four additional pro-
bands presenting with aortic dilatation and variable
additional clinical features reminiscent of a connective
tissue disorder, referred to as Marfan syndrome type2
[11]. In 2005, Loeys et al. published their findings on a
large series of patients presenting with widespread
aggressive aortic disease with rapid growth and early
dissections. They observed an increased prevalence of
dysmorphic features including hypertelorism and cleft
palate/bifid uvula. Patients harbored mutations in ei-
ther the TGFBR1 or TGFBR2 gene and the disorder was

named after the authors (Loeys-Dietz syndrome, LDS)
[12]. Patients with LDS may also present with arterial
tortuosity/aneurysms/dissections outside the aorta
necessitating extensive vascular imaging at regular
time intervals. With the identification of mutations in
genes involved in the TGFB pathway, a new era with
regards to our understanding of the pathophysiology
and treatment of TAAD emerged. Other gene muta-
tions have been identified including the SMAD3 gene
causing Aneurysm-Osteoarthritis syndrome and muta-
tions in the TGFB ligand. In view of the important
clinical overlap between these disorders, the term
“TGFB associated vasculopathies” may be preferred
over individual syndrome names.

The genetic background of nonsyndromic TAAD is
even more complex and heterogeneous. Genes in-
volved in syndromic forms may also be encountered
in patients with isolated aortic disease, emphasizing
the fact that the clinical spectrum of these disorders is
very broad. Other genes involved in nonsyndromic
TAAD include the ACTA2 gene (encoding smooth
muscle a-actin), the MYLK gene, encoding myosin light
chain kinase and the MYH 11 gene encoding the
myosine heavy chain subunit [4,13-15]. The proteins
encoded by these genes are involved in the vascular
smooth muscle cell apparatus. Patients present with
TAAD, sometimes in association with other features
such as livedo reticualris, iris flocculi, and cardiovascu-
lar disease in the case of ACTA2, patent ductus arte-
riosus in the case of MYH11, and gastro-intestinal
disease in the case of MYLK.

Establishing a correct diagnosis of TAAD in an
individual patient primarily requires detailed clinical
evaluation of the proband and family members (see
below). It should be noted, however, that substantial
clinical overlap exists between these subgroups.
Therefore, additional molecular genetic testing may
be helpful and sometimes even required for confirma-
tion of the specific diagnosis.

Strategy for Clinical Evaluation and Genetic Testing
The absolute prerequisite for further clinical/
genetic investigations in TAAD patients is a correct
diagnosis of the aneurysm itself, based on careful
measurement of the diameter of the aorta according
to appropriate guidelines [35]. The measurements ob-
tained need to be correlated to values in normal
subjects matched for age, body surface area, and gen-
der [36]. To correlate with normal values, nomograms
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can be used or z-scores can be calculated, the latter
method being more convenient for reporting. Aortic
dilatation is confirmed if the z-score exceeds 2, corre-
sponding to an observed value >1.96 standard devi-
ations above the predicted value for age, gender, and
body size. In children, growth needs to be taken into
account and z-scores >3 have been suggested [37].
Further investigations will depend on the age and
cardiovascular risk profile of the patient.

Consideration of a genetic entity is especially of
interest in young subjects with no additional risk fac-
tors. Detailed family history taking, including pedigree
drawing and clinical assessment of first degree rela-
tives, is required to differentiate between familial and
isolated forms of TAAD. Next, careful multidisciplinary
clinical evaluation of the proband is undertaken,
which will help us in the identification of specific
syndromes as reported in Table 1.

Since TAAD is a genetically heterogeneous disease
with important clinical overlap between the known
genetic entities, there is a clear need for simultaneous
testing of multiple genes. Until recently, strategies for
genetic testing were limited as only one gene at the
time could be analyzed, and both the time required as
well as the costs for screening of multiple genes were
substantial. The need for high-throughput techniques
enabling simultaneous testing of several genes was
met by the recent development and progress made in
the field of Next Generation Sequencing. Previously,
our Center reported a mutation detection strategy
using massive parallel sequencing of the FBN1 and
TGFBR-1 and -2 genes for the molecular diagnosis of
MFS and LDS [38]. In a next stage, we implemented a
novel screening strategy that allows simultaneous se-
quencing of 16 TAAD-associated genes. To this pur-
pose, two complementary panels of genes were de-
signed, of which all coding regions and flanking
sequences can be amplified in a fully automated fash-
ion followed by sequencing on an lllumina MiSeq
sequencer (lllumina, San Diego, California). The first
gene panel comprises FBN1, TGFBR1/2, SMAD3, TGFB2,
ACTA2, and COL3A1. The second gene panel comprises
MYH11, MYLK, SLC2A10, NOTCHI1, FBN2, ADAMTS10,
FBLN4, FLNA, and ELN.

Correct interpretation of the results obtained by
molecular genetic testing requires basic knowledge of
these different genes and clinical entities - all the
more since medical and surgical management may
differ according to the underlying diagnosis.

Importantly, the simultaneous sequencing of mul-
tiple TAAD-associated genes is not always justified. In
patients presenting with a thoracic aortic aneurysm in
combination with lens luxation for instance, Marfan
syndrome is very likely and molecular genetics can be
restricted to the FBN1 gene. Or, from a cardiovascular
perspective, extensive vascular disease such as aortic
aneurysms at different locations and/or involvement
of side branches makes a diagnosis of Marfan syn-
drome much less likely and in these cases, TGFS-
associated disease should be excluded first. A flow
chart illustrating the diagnostic process (clinical and
genetic evaluation) is provided in Figure 1.

Genes and Pathogenesis

In addition to its usefulness in a diagnostic setting,
molecular genetics have been very useful in unravel-
ing the complex pathogenesis of TAA formation.
One of the most inspiring findings over recent years
was the observation of the involvement of the
Transforming Growth Factor B (TGFB) pathway in
several connective tissue disorders. The TGFS super-
family consists of a number of cytokines that regu-
late diverse cellular functions, including prolifera-
tion, differentiation, and synthesis of a wide array of
gene products.

The first heritable connective tissue disorder linked
to the TGFB pathway was Marfan syndrome (MFS). The
underlying pathogenesis of aneurysm formation in
MFS was initially considered to be a consequence of
inherent structural weakness of the tissues due to
structurally abnormal fibrillin-1 fibers. Prospects for
causal treatment were pessimistic in this view since
this would require a means to alter the structural
composition of inherently weak tissues.

Fortunately, recent developments have changed
this insight and it is now recognized that fibrillin-1
containing microfibres also play an important func-
tional role in the complex TGFB pathway. Although it
is clear that the TGFB pathway plays a role in the
pathogenesis of MFS, the mechanism of TGFf activa-
tion remains controversial. On the one hand, it has
been suggested that TGFB is activated as a conse-
quence of improper sequestration of the latent TGFf3
complex, which is the result of a reduction of fibrillin-1
below a certain threshold [39]. On the other hand,
Charbonneau and colleagues demonstrated that an
Fbn1 mouse in which the latent TGF binding protein
site (LTBPs) was deleted (Fbn1""%) did not present
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* 3 Generation Pedigree
* Clinical evaluation in
1t degree relatives

-Family
l History
TAA
Z-score >2 in adults, >3 in
children
Age <60 — 65(?)
Absence of other risk factors
+Family
History

1

Additional Clinical/Technical examination

1. Clinical examination 3. Ocular examination
*  Facial characteristics: * Lens luxation

hypertelorism, high Iris Flocculi
palate, bifid uvula

¢ Skeletal manifestations: 4. X-ray, CT/MRI
armspan, pectus, Osteoarthritis
arachnodactylia, flat feet, e Arterial Tortuosity
club feet, scoliosis e Arterial Aneurysms

2. Echocardiography
¢ Mitral Valve Prolapse
¢ Bicuspid Aortic Valve

& Patent Ductus Arteriosus

Figure 1.

features of MFS [40]. Hence, instead of reduced TGF3
sequestration, mutant microfibrils probably influence
TGFB activation in a different way. Sakai and cowork-
ers demonstrated that fibrillin-1 was homologous to
the family of LTBPs which serve to hold TGFB in an
inactive complex in various tissues, including the ex-
tracellular matrix [41]. Fibrillin-1 binds TGFB and LTBPs
[41-44)].

Since the large latent complex binds TGFf, abnor-
mal fibrillin-1 fibers will lead to failed matrix seques-
tration of the latent TGFB complex and hence to
increased amounts of active TGFB, which is in turn at
the basis of the pleiotropic manifestations in MFS [39].
Indeed, increased TGFf signaling has been demon-
strated in aortic tissue samples and in mitral valve
tissue from patients with MFS. These findings have
opened new perspectives for treatment through inhi-
bition of TGFB-signaling (see below).

Additional evidence for the involvement of the
TGFB pathway in aneurismal disease came from the
findings that mutations in several genes that encode
different components of the pathway result in aneu-
rysm conditions that have undeniable clinical overlap

139
Non- NGS?
Syndromal Isolated TAA
Clinical follow-up
Marfan: FBN1
Vascular EDS: COL3A1
TGFB-related vasculopathies:TGFBR1/2
S | ’
yndroma SMAD3, TGFB2
Arterial Tortuosity Syndrome:SLC2A10
Cutis Laxa: Fbin4
Non-
Syndromal RIAS NGS

4

Flow chart illustrating the diagnostic process (clinical and genetic evaluation). NGS: Next Generation Sequencing.

with MFS. Initially, these disorders were given names,
the first one being the Loeys-Dietz syndrome (LDS),
caused by mutations in the TGFBR1 and TGFBR2
genes. In 2011, mutations in the SMAD3 gene were
identified in patients with a very similar phenotype
but also presenting with osteoarthritis, hence the
name “Aneurysm-Osteoarthritis syndrome (AOS).”
Soon thereafter a family with juvenile polyposis asso-
ciated with aortopathy and mitral valve disease
caused by SMAD4 mutations was reported [45]; and
finally, mutations in the TGFB-2 ligand were very re-
cently identified in several families displaying a very
similar phenotype [25,46,47]. It is clear that these dis-
orders are all part of a broad spectrum and it may be
more convenient to group them under the term
“TGFB-related vasculopathies.” Figure 2 provides a
schematic and abbreviated overview of the TGFp sig-
nalling pathway with indication of aneurismal diseases
linked to it.

Increased TGF3 signaling has also been reported in
human aortic specimens of patients with familial
TAAD and underlying ACTA2 or MYH11 mutations [48].
The exact link is not yet fully understood but links
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Figure 2. Provides a schematic and abbreviated overview of the TGFf signaling pathway with indication of aneurismal

diseases linked to it. The TGFB pathway and related vasculopathies. Following its release from the Extrcellular Matrix, TGF3
binds to its type Il cell surface receptor (TBRII), which recruits and phosphorylates the type | receptor (TBRI). TBRI then
recruits and phosphorylates SMAD2 and/or SMAD3. These P-SMADs then bind to the common SMAD (co-SMAD) SMAD4 to
form a heterodimeric complex. This complex enters the cell nucleus where it acts as a transcription factor for various
TGFB-dependent genes, such as connective tissue growth factor (CTGF), plasminogen activator inhibitor-1 (PAI-1) and

multiple collagens.

between the contractile cytoskeleton and many as-
pects of the TGFB signaling pathway have been es-
tablished, including trafficking and activity of TGFS
receptors and signaling effectors [49,50].

Gene-Tailored Follow-up and Management in TAAD
A schematic overview of the medical management
is provided in Table 2.

Imaging Studies

Confirmation of the exact diagnosis in the proband
facilitates the set-up of a personalized strategy for
follow-up and treatment in the patient and his/her
family. Since the clinical manifestation of the disease is
age dependent and may progress subclinically until
later in life, lifelong follow-up is required in all muta-
tion-carriers, even if aortic diameters are normal on
repeated measurements. The frequency and modality
for follow-up and treatment may differ according to
the underlying diagnosis as summarized in Table 2.
Importantly, clinical monitoring and follow-up with

cardiovascular imaging is also warranted in family
members of TAAD patients in whom no causal muta-
tion was identified since familial clustering is observed
in more than 20% of TAAD cases [51,52].

Echocardiography is the primary imaging tool for
evaluation and follow-up of the diameters of the aor-
tic root and ascending aorta. CT or MRI can be used in
case of insufficient visualization of the ascending aorta
by echocardiography. The imaging study should be
repeated in all patients six months after the initial
diagnosis to assess evolutionary changes. Further fol-
low-up is guided by the diameter, evolution, underly-
ing diagnosis, and family history. Stable diameters
<45 mm in patients with Marfan syndrome or isolated
TAA and no family history for dissection require yearly
follow-up. Biannual controls are recommended in all
other cases.

On initial diagnosis, imaging of the entire aorta and
side branches (“head-to-pelvis” study) should be per-
formed in order to detect aneurysms at other sites

De Backer, J. et al.

Genes in Thoracic Aortic Aneurysms and Dissections



141

Basic Science for the Clinician

‘Aydeiboibuy adueUOSaY dIIBUBRIA WYIA ‘UoeNBINGAY [RINA HIA ‘UoleNBINGY d1oY Yy ‘191dWelq 100y dIHoY :goy

SWOIPUAS UejIBI\ Ul S dwes
(uonduNy JejNAjRA 01 pale|al

os|e) AL-owgb Aydeiboipiedoyd3
siauJed uoneinw zy/dy ul buibew

Jejndsen0lqaiad/A1euolod 1apIsuod)

SWOJPUAS UeJIR\ Ul Se dwes

K1-owgb siajad 01 pesy [yiA/LD

owgb Aydeiboipiedoyd3
(s1913Welp |ewlou
1e U3Yo 3IN1dnJ/UoDISSIP) JedPUN
sased Jayio [|e ul AL byyin
‘lewlou aJe eAJBS|RA JO SISNUIS DY)
dpPISINO SsID1dWelp d1joe uaym Agbyyin
S9SeD JBY10 [|e Ul Wob ww Sp>
J919wWelp uaym ALb Aydeiboipiedoyds

SwolpuAs uepely wolj ydope — 3194 sjeuy oN

SwolpuAs uepey woly 1Jdope — 194 sjely oN

dwWoJpuAs uepely wolj idope — 19K sjely oN
ww Sp-cp<< goy uaym A1abung

SWOIPUAS uepe
woJj Juswieasy [esipaw ydope — 334 sjeuy oN
urenadun Aisbing
|ojosdij2D
YN 10 Yy 249A3S JO (A/ww 7<) ymmoib
pides 1o uondassIp Jo Aloisiy |erjiwey Jo
9Sed Ul WW 9y < JO WW 0§< Oy uaym A1abins

iueneso| ‘syuabe buppolg-g

(€7-12) SnUYMeOo31SO-WSsAINauy
(Tl ‘7) 2391Q-5£207

(9) snsolLue snnp
waied yum vyl

(€ “€€) aAjeA d1nIoe
pidsndiq yum vv14

(Z€-0€) (VY1) dwolpuhs wskinaue diuioe ddeIoY} |eljiwe

(62) sswolpuAs exeT sind
(82) @wolIpuAs Aysoniio] |elaMY
(5T 'vz) 7941
salyredojnosen
paie@1-g4o1

(Je[najen ‘Jejndsen) (0z-g1) sojueq-siajyl

(Z1 '9L ‘L) uepep

dn-moj|o4

luswileal |

Japliosig

avvl ul dn-mojjo4 pue juswieal] paisabbng Jo MIIAIBAQ T 3lqel

Volume 1, Issue 2: 135-145

Aorta, July 2013



142

Basic Science for the Clinician

and/or arterial tortuosity. Regular extensive vascular
imaging from head to pelvis is recommended in pa-
tients with a TGFBR1/2, SMAD3, and TGF[32 mutation
and for rare diseases such as cutis laxa and arterial
tortuosity syndrome (ATS). In vascular Ehlers-Danlos
syndrome (EDS) where dissections often occur at nor-
mal diameters, the modality and frequency of vascular
imaging is debatable. Evaluation for coronary artery
and cerebrovascular disease can be considered in pa-
tients with an ACTA2 mutation [53].

Medical Treatment

The initial medical approach of TAAD patients
should include reduction of cardiovascular risk factors,
such as blood pressure control, smoking cessation,
and optimization of the lipid profile. Central stimulat-
ing drugs, such as cocaine, amphetamine and deriva-
tives are known triggers for aortic dissection and
should therefore be avoided [54,55].

Medical treatment with a 3-blocking agent in MFS
reduces the progression of aortic dilatation in most
patients through reduction of wall shear stress in the
aorta and is used as a standard therapy in MFS pa-
tients [56]. As already mentioned, it has been clearly
demonstrated that the TGFB pathway plays an impor-
tant role in aneurysmal disease. This knowledge has
led the search for strategies to interfere with TGFf3
signalization. From studies in nephrology, it was doc-
umented that losartan, an angiotensin receptor block-
ing agent, inhibits TGFB signaling. An initial experi-
ment with TGFB neutralizing antibodies in a mouse
model for MFS showed a dramatic decrease in aortic
root growth as well as restoration of aortic wall archi-
tecture [57]. A trial with losartan in MFS mice showed
significant rescue of aortic root aneurysm progression
as well as aortic wall architecture, compared to treat-
ment with either placebo or propranolol [57]. A sub-
sequent small study in children with severe MFS
showed similar very promising results [58]. Large-scale
trials in MFS patients are currently underway [59] and
need to be awaited prior to large-scale prescription.

In patients with vascular EDS, reduction of fatal
vascular events was observed with treatment with
celiprolol, a B-blocker with 82 mimetic action [60]. The
possible role of medical treatment in other TAAD
diseases is not well studied but pragmatically, treat-
ment as for MFS is adopted.

Surgery

It is beyond any doubt that elective surgical aortic
root replacement leads to better survival in patients
with genetic aortic disease. Modalities for surgical in-
tervention are beyond the scope of this contribution.
We do want to spend some words on the timing of
surgery taking the underlying diagnosis into account.

It has been demonstrated that the risk for dissec-
tion or rupture for thoracic aortic aneurysms of non-
degenerative origin rises at lower diameters when
compared to degenerative aortic disease. Accordingly,
the threshold for surgery of the aortic root is lower
than the conventional 55 mm. Indeed if conforming to
the European Society of Cardiology guidelines on
Grown-up Congenital Heart Disease, the conventional
surgical indication for MFS is an aortic diameter-
measured at the sinuses of Valsalva at 50mm or more.
This threshold is reduced to 46 mm in the case of a
positive family history of aortic dissection or rapid
growth of the aorta (>2 mm/yr). When there is a
desire of pregnancy, aortic repair at 45 mm is recom-
mended [61]. In certain other syndromic and nonsy-
dromic TAAD entities such as LDS or AOS, aortic dis-
section can occur at smaller diameters, therefore
requiring an adjusted treatment policy. Results of sur-
gical intervention in LDS and AOS are good [3,62].
Taking these data into account, the current guidelines
of the American College of Cardiology recommend
prophylactic surgery in the following cases [63,641: (i)
patients with a mutation in TGFBR1 or TGFBR2 (as well
as patients with LDS as familial TAAD), when the
diameter of the ascending aorta reaches 42mm mea-
sured by echocardiography or 44-46 mm on CT or MR
imaging; (i) patients with familial TAAD and/or muta-
tion in MYH11 or ACTA2, when the diameter of the
ascending aorta measures between 45 and 50 mm; (jii)
patients with familial TAAD with relatives with an
aortic dissection at minimal dilatation of the thoracic
aorta (<50 mm); (iv) for all other TAAD patients when
the ascending aorta or aortic root reaches a diameter
of 50 mm, in case of rapid growth of the aorta (=5
mm/y) and/or in the presence of severe aortic stenosis or
regurgitation. Patients with a mutation in the MYLK
gene can have an aortic dissection at small diameters
of the aorta, as indicated by the study of Wang et al.
[15]. Guidelines regarding the role of prophylactic
surgery in this group of patients are lacking. In con-
trast to patients with a TGFBR2 mutation, aortic dis-
section in patients with a TGFBRT mutation would
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rather occur at larger diameters (>50 mm) [65]. In
view of these data, early referral for surgery may be
questioned.

Conclusion

In the current era of improved availability of high-
throughput molecular genetic techniques, knowledge
of the indications and limitations for these tests in
daily clinical practice is increasingly important. In the
case of TAAD, additional genetic testing may be help-
ful for confirmation of the correct diagnosis. Since
follow-up and treatment of patients may be
adapted according to the underlying condition, cli-
nicians dealing with these patients should acquire

this knowledge. Close collaboration between car-
diovascular surgeons, cardiologists, and clinical ge-
neticists is strongly recommended in the care of
these patients and families.
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EDITOR’S COMMENTS

Dr. De Backer and colleagues, from the distin-
guished Ghent group, provide a clinically oriented
primer on the current state of knowledge regarding
the genetics of thoracic aortic aneurysm. They tell
us just how to use genetic testing in the present era.
As well, they provide useful management and clin-
ical guidelines that take into account the emerging
knowledge of aneurysm behavior in specific genetic
syndromes. They usher us into the era of personal-

ized aortic management based on molecular genet-
ics.

The Editors only point of difference concerns fre-
quency of imaging. Since the aorta grows very slowly
in the vast majority of thoracic aneurysm patients
(about 1 mm per year), after the first yearly ECHO, CT,
or MRI are done, we decrease frequency of imaging to
every two to three years. (ECHOs can be done fre-
quently, if desired, because of low cost and zero tox-
icity. We use restraint in CT and MRI.)
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