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Traditional risk factors

Non-modifiable risk factors
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20% geneticky podminéna aneuryzmata (AD)
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HTAD (heritable thoracic aortic disease)

Syndromova (sTAA)

Nesyndromova (nsTAA)

Kardiovaskularni projevy

Systémové projevy (muskuloskeletélni, kraniofacialni, ocni, plicni, koim’...)

Kardiovaskularni projevy

Marfantv syndrom (MFS)

Loeys-Dietzlv syndrom (LDS)

TurnerGv syndrom (TS)

Ehlers-Danlos syndrom typ IV vaskularni typ (VEDS)

Familidrni hrudni aneuryzmata (FTAA)
ACTA2, MYH11, MYLK, PRKG1...

Sporadicka aneuryzmata (sTAA)

BAV aortopatie
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Cardiovascular Outcomes in Aortopathy @

GenTAC Registry of Genetically Triggered Aortic Aneurysms
and Related Conditions

Kathryn W. Holmes, MD, MPH," Sheila Markwardt, MPH,” Kim A. Eagle, MD," Richard B. Devereux, MD,"
Jonathan W. Weinsaft, MD,” Federico M. Asch, MD,® Scott A. LeMaire, MD,’ Cheryl L. Maslen, PuD,”

Howard K. Song, MD,® Dianna M. Milewicz, MD, PuD,” Siddharth K. Prakash, MD, PuD," Dongchuan Guo, PuD,"
Shaine A. Morris, MD, MPH,' Reed E. Pyeritz, MD, PuD,’ Rita C. Milewski, MD," William J. Ravekes, MD,’

H.C. Dietz, MD,' Ralph V. Shohet, MD,™ Michael Silberbach, MD,* Mary J. Roman, MD,” on behalf of the GenTAC
Investigators

N=2686, vék 36,9 + 19,6, (2007-2016)
24,2% elektivni chirurgie kofene/ascendentni aorty (MFS, BAV, LDS...18let)
9,1% akutni operace pro disekci aorty (hsHTAD, LDS ....35 let, MFS)

TABLE 2 Cumulative Number of Cardiovascular Outcomes in the GenTAC Cohort

Total MFS BAV LDS nsHTAD TS vEDS
(N=2686) (n=861) (n=879) (n=121) (n=378) (n=298) (n=149) P Value

Elective proximal aortic aneurysm
surgery, ever had

Mo 2,035 (75.8) 625 (N.1) 86(N.1) 296(78.3) 291(97.7) 149(100.0) <0.00

Yes 651 (24.2) 54 (289) 35(289) 8207 7(2.3) 0 (0.0)
Any aortic dissection surgery,
ever had
No 2441(909) 749(87.0) 846(96.2) 105(86.8) 302(79.8) 293(983) 146(98.0) <0

Yes M500) M0 BES 1612 507 3020
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Aortic Dissection in Patients With
Genetically Mediated Aneurysms
Incidence and Predictors in the GenTAC Registry

Jonathan W. Weinsaft, MD,? Richard B. Devereux, MD,? Liliana R. Preiss, MS," Attila Feher, MD, PuD,?
Mary J. Roman, MD,? Craig T. Basson, MD, PuD,? Alexi Geevarghese, BA,* William Ravekes, MD," Harry C. Dietz, MD,¢

Jen 13% pac. mélo pred disekci rozméry aorty indikované k operaci

"
titieeeee fetRfeRARE  PReeRd teeie
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61% % 52% 48%
of AoD occurred in of AoD originated had previous proximal had no prior surgery
patients with Marfan in the distal arch/ aortic surgery

syndrome descending aorta {Among patients with (Among patients without
(Stanford type B) proximal aortic surgery, prior surgery, aortic root

distal aortic size was larger size was greater among

among patients with AoD, patients with subseguent
but ascending aoria size AoD, but distal aortic size

was similar) was similar)
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Only 13%
had pre-dissection
images fulfilling size
criteria for prophylactic
TTA surgery at site of
subsequent AoD




Marfanuv syndrom (MFS

Prevalence 1:5 000, AD, mutace genu pro glykoprotein extraceluarni matrix FBN-1 (15¢21)
Vice jak 1800 mutaci, 25% mutaci de novo , 10% pac. geneticky negativni

Diagnoza se opira o revidovana ghentska kritéria zr. 2010

Tabulka 1. Revidovana ghentska kritéria pro diagndzu Marfanowva syndromu (MFS)

Negativni rodinna anamnéza pro MFS Pozitivni rodinna anamnéza pro MFS

Dilatace aorty nebo jeji disekce

+ ektopie ocni cocky = MFS Ektopie cocky = MF5

Dilatace aorty nebo jeji disekce

+ syStEmove skore 7 a vice = MFS Systéemove skore 7 bodd a vice = MFS

Dilatace aorty nebo jeji disekce

Dilat T bo jeji disekce = MFS
+ potvrzena mutace v genu FBN1 = MFS iatace aorty nebo Jeji disekce

Tabulka 2. Systemove skore v ramci ghentskych kritéerii u Marfanova syndromu

PFiznak/symptom Body

Priznak palce + zapésti (1 znak) 3

Deformita hrudniku pectus excavatum/carinatum

Deformity zadni ¢asti chodidla (pedes planovalgi)

Pneumotorax

Ektazie duralniho vaku

RIS I I R I S

Protruze acetabula

Pomér rozpeéti rukou/vyska > 1,05 a pomér horni segment/dolni segment < 0,85 1

Skolidzaskyfoza 1

Snizena extenze v lokti 1

3 7 5 znakd na hlavé (dolichocefalie, exoftalmus, dold zesikmené ocni stérbiny, malarni hypoplazie,
retrognacie)

Kozni strie 1

Kratkozrakost > 3 dioptrie 1

Prolaps mitralni chlopné 1

wenimum eargiovaskularni
# CIKTQW | ciansplontoeni chivigie  Loeys BL et al | Med Genet 2010;47:476-485.




Klinické projevy MFS

.
Kardiovaskularni: anuloaortalni ektazie ( az 80%), AoR, MiR

pri prolapsu, aneuryzma hrudni aorty, MMT, ilickych...
G
>

Oc¢ni : subluxace/luxace ¢ocky (50-80%), myopie
L

>
Muskuloskeletalni: vpaceny hrudnik, skolidza, protruze
acetabula, plochonozi, arachnodaktylie, dolichostenomelie
\

>
Kraniofacialni: gotické patro, nahusténé zuby, seSikmené
ocni Stérbiny, enoftalmus, dolichocefalie, retrognacie

.

> <
Plicni: apikalni buly, spontanni PNO

> <
Ostatni: duralni ektazie, kyly, striae, porucha hojeni jizev

\_ J
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Loeys-Dietzuv syndrom

Popsan v r. 2005, mutace v genech kaskady TGFB, 7 typl, 75% de novo mutace

Triada = aortalni aneuryzmata a tortuosity ( dilatace korene 95%) , hypertelorismus, rozstép uvuly/patra

Ostatni: skeletalni abnormity - kraniosynostdza, skolidza, neni vysoka postava a disproporcionalita jako MFS
BAV, PDA ( LDS2), ASD, imunologické abnormity, asthma, alergie, artritidy, Mi prolaps

Proportion of LDS
Gene 1> 2 Attributed to Pathogenic MOI
Variants in Gene 3

IPOS8 ~1% AR
SMAD2 ~19%-5% AD
SMAD3 ~5%-10% AD
TGFB2 ~5%-10% AD
TGFB3 ~1%-5% AD
TGFBRI ~20%-25% AD
TGFBR2 ~55%-60% AD

Loeys BL, Dietz HC. Loeys-Dietz Syndrome. 2008 Feb 28 [Updated 2024 Sep 12].
In: Adam MP, Bick S, Mirzaa GM, et al., editors. GeneReviews® [Internet]. Seattle (WA):

University of Washington, Seattle; 1993-2025. //
%, CKTCW
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Loeys-Dietzuv syndrom

Marfan ) Higharch Cleft  Bind
Loeys-Dietz Syndrome e e vl

syndrome Hypertelorism

Clinical Feature

TGFBR1/ Blue sclera
FBN1 SMAD3 TGFB2 TGFB3 SMAD2 IPOS8
TGFBR2 Arterial Tortuosity

Ectopia lentis +++ - - - - - _
Cleft palate / bifid

) - ++ + + + + +
uvuia Allergies
Hypertelorism - ++ + + T + ++
Craniosynostosis - ++ + - - - -
Tall stature +++ + + ++ + + - Aortic Dissections  Aortic Aneurysms
Arachnodactyly +++ ++ + + + + ++

Scoliosis
Pectus deformity ++ ++ ++ ++ + + ++
Clubfoot - ++ + ++ + - + Dural ectasia
Osteoarthritis + + +H+ + + + 4
Aortic root aneurysm 4+ ++ ++ ++ + + 4+
Arterial aneurysm - ++ + + + + ++
Arterial tortuosity - ++ ++ + + + + Arachnodactyly
Early-onset aortic
: : + +++ ++ + + + - . \
dissection Osteoarthritis v Velwayakin. Tatiooedsia
and S e
G AE
Bicuspid aortic valve - ++ + + + + + Joint laxity \ / o =
Mitral valve
) . ++ + + ++ + + +
insufficiency
Atrophic scars

Striae ++ + + + + + +
Dural ectasia + + + + - - ?
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a transplontoni chirurgie

4y, CKTCH




Loeys-Dietzuv syndrom

Agresivni rast aorty ( az 10mm/rok), LDS 1 a LDS 2, disekce i pfi aorté <40 mm

Primérny vék umrti 26 let (TAD, ruptura mozkovych aneuryzmat)  Goudaetal Int] Cardiol 2022

04.65:2023

/ CKTCF Centrum kardiovaskul&rni
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Aortalni fenotyp MFES versus LDS

MFS — Sirsi a vyssi koren hruskovitého tvaru, SirSi suprarendlni aorta a ilické tepny, vétsi pomér isthmu/AoD

LDS — delSi oblouk a suprarenalni aorta

A comparative retrospective CTl and MRI analysis of aortic morphology in three cohorts of LDS,

Controls

LDS patients

MFS patients and controls MES patients

Patients diagnosed at advanced
disease stage or with less than
optimal image quality where excluded

/ ¢ \ A LDS MFS
20 controls patients patients
19 LDS patients 95 MFS patients AR/AAD>1.15
LDS B 80% sensitivity
AR-AA lenght
eng for MFS diagnosis
Ao diamet =
* Ao diameters AR-AA lenght/AR D AR/STJD=>1.19
« Diameters/lenght => <2,04 N AR - STIL 76% sensﬁivity
ratios 74% sensitivity for for MFS di i
{} MFS diagnosis o i

Arterial Vessel

Analysis software

Y

* Ao Lenghts and
Tortuosity

Lovato L. et al JTCVS Open 2024

This morphologic comparative study:

* Found some aortic profiles and indexes as easy tools to differentiate
LDS and MFS patients at early disease stages, especially when genetic

analysis is lacking

« Suggested further analysis and research to learn the different
physiopathologic mechanisms and behavior of these two rare diseases

4y, CKTCH
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urneruv syndrom

1:2500 Zen, monosomie X-chromozomu (45X0), mozaika
KV postizeni (az 50%) BAV, CoA, PAPVC, dilatace aorty a brachiocefalickych tepen, elongace oblouku,
TAD 6x Castéjsi oproti zdravé populaci cca 30-40 let, 3x vyssi riziko pred¢asného umrti (HT, DM, ICHS)
Indexace rozméru aorty ( ASI, AHI, z score)

Small Stature

Webbed neck

_-Coarctation of
the aorta

Poor breast
3 3] development
J
Widely spaced

nipples

Wide carrying
angle of arms

Rudimentary
ovanes-gonadal

. J
-
: streak
| = Primary )
¥ - amenoirhea
Muibple
A pigmented newv /

Klaskova E, Rubackova-Popelova J. et al. / Centrom Eordiovaskularal
Cor et Vasa 2019;61:e60-e67. //ﬂ CKTC'J | a transplantagni chirurgie




Ehlers-Danlos syndrom V- vaskularni typ

Mutace v genu COL3A1 kddujici prokolagen typu 1ll AD, prevalence 1:50 000 — 1:100 000

Pridmérné doziti 51 let, 50% umira do 48 let
facialni dysmorfie - tenky nos a rty, prominujici boltce, malé usni laladcky
kozni projevy - tenkd pruasvitna kiize, hematomy
fragilita tkani, poruchy hojeni — technicka obtiznost KCH vykonu
spontanni ruptury visceralnich organti (colon, uterus)
aneuryzma/disekce strednich a velkych arterii - visceralni tepny, karotidy, koronarni
tepny, plicnice, karotido-kavernozni pistéle, cévni komplikace 1,6 udalosti za 5 let

// CKTCF Centrum kardiovaskularni
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BAV 1-2 % populace, aortopatie u cca 40 -60%

Syndromova (MFS, LDS, ACTA2)

Nesyndromova (mutace v genech SMADS,
NOTCH1, ROBO4, TBX20... cca 5%)
5-10% rodinny vyskyt

Disekce 8x castéjsi nez u bézné populace
(31/100 000 pac.-rok), nizsi nez MFS a HTAD

4y, CKTCH

BAV morphologies |

Fused BAV (20-95% of BAV) 3 phenotypes

Right - left cusp fusion cusp fusion Left - non cusp fusiol
(70-80%) (20—30%) (3-6%)

E ﬂ@ &9

2-sinus BAV (5-7% of BAV) 2 phenotypes

Partial-fusion BAYV - short fusion of | commisure

B

Aortic phenotypes

Ascending phenotype
(70-75%)

Root phenotype
(15-20%)

Extended phenotype
(5-10%)

Centrum kardiovaskul@rni
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Indikace k operaci Marfanuv syndrom

Surgery is indicated in patients with MFS who have Rizikové fakt ory MFS:
aortic root disease with a maximal aortic sinus RA disekce
diameter >50 mm,”17%1Heem14EE planovana gravidita

nekontrolovana hypertenze

>
Surgery should be considered in patients with MFS progrese > 3mm/rok

who have an aortic root aneurysm with a maximal I C
a

aortic sinus diameter >45 mm and additional risk

factors c, 14671469

@ ESC Eurapear Heart ournal (2024) 00, 1-143

European Society  hevneidel.orgi10 1093 eurheartyehae 179
of Cardinlogy . ! i 3
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Indikace k operaci Turneruv syndrom

Elective surgery for aneurysms of the aortic root and/ Rizikové fa ktory TS -
or ascending aorta should be considered in women BAV
. } L e e -
with TS who Iar"i =15 years of age, have an ascending la c koarktace aorty
ASI>23 mm/m~, an AHI >23 mm/m, a z-score > 3.5, P
elongace transverzalni aorty
and have associated risk factors for aortic dissection® hypertenze

014171421

or are planning pregnancy.

Cenfrum kardiovaskul@rni
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Indikace k operaci

Loyes-Dietzuv sy

Aortic root  Aortic root
surgery if SUrgEry
risk factors

(see box

below)

& @&
@@ s @i @i @) o>

35 mm 40 mm 45 mm 50 mm 55 mm

Consider Consider
aortic root aortic root
SUrgery SUrgery

High risk features include:

+ Known high risk genetic variants (R528H/C in TGFBR2)
+ Women with TGFBRZ variants and small body size
+ Severe extra-aortic features

+ Family history of aortic dissection (especially at
young age or relatively small aortic diameter)
+ Aortic growth rate =3mm per year

#y CIKTCF |

@ESC—
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Indikace k operaci BAV

Root fenotyp Ascending fenotyp

Surgery for bicuspid aortopathy of the root In patients with low surgical risk, surgery for bicuspid
phenotype® is recommended when the maximum aortopathy of ascending phenotype® should be ila
aortic diameter is >50 mm,’0893:981.986,1001,1519,1523 considered when the maximum aortic diameter is

S5 mm, 153172981

In patients with low surgical risk and ascending
phencatype bicuspid aortopathy, surgery should be
considered at a maximum diameter =50 mm if any of
the following is the case;’0153.155.981.1001

+ Age <50 years

» Shorter stature®

* Ascending aortic length >11 em’ lla C
» Aortic diameter growth rate >3 mm per year®

* Family history of acute aortic syndrome

* Aortic coarctation

* Resistant h}’pEI’tEHSiOHh

+ Concomitant non-aortic-valve cardiac surgery

* Desire for pregnancy

Centrum kardiovaskul@rni
a transplantaZni chirurgie
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Nesyndromova HTAD

ACTA2 245 mm, 242 mm + RF
PRKG1 2>42 mm, 240 mm + RF
MYLK, MYH 11 >45 mm

In patients with HTA ihytable to a
pathogenic variant il ACTA2] surgery on the
aortic root or ﬂt&ndﬂ should be
performed at a diameter of >45 mm.

lla

In patients with HTAD attributable to a
pathogenic variant in ACTAZ and high-risk
features,* surgery on the aortic root or Ilb
ascending aorta may be considered at a
diameter of =42 mm.

In patients with HTA Pattabyitable to a
pathogenic variant i) PRKG1| surgery on the
aortic root or ascendMg aorta may be con-

sidered at a diameter of 42 mm.

b

In patients with HTAD attributable to a
pathogenic variant in PRKG1 and high-risk
features,” surgery on the aortic root or
ascending aorta may be considered ata
diameter of =40 mm.

b

In patients with HTA ]
pathogenic variant i MYLK or MYHT11] sur-
gery on the aorticro T rta

may be considered at a diameter of >45 mm.

b

“Family history of type A aortic dissection in the setting of no or minimal
aortic dilation, aortic growth rate >0.3 cm/y.

// CKTCF Centrum kardiovaskul@rni
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Javery
Na dédi¢nou pricinu aneuryzmat a disekce aorty pomyslime u pacientld do 60ti let bez

pritomnosti hypertenze ci jinych klasickych rizikovych faktoru.

Posun indikaCnich kritérii k nizSim rozmérum u HTAD ma opodstatnéni z duvodu vysokého

rizika disekce pfi nedilatované aorté.

V indikaci k operaci u HTAD je zasadni individualizovany pristup, ktery zohlenuje typ mutace,
rychlost rustu aorty, délku ascendentni aorty, rodinnou anamnézu, BSA ¢i planovanou

graviditu u zen fertilniho veku.

Centrum kardiovaskuldrni
a transplontoni chirurgie
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ESC GL 2024
Co nove musime priindikaci zohlednit ?

Ascending phenotype
Fenotyp aorty - root x ascending s (70-75%)
Délka ascendentni aorty = 11cm
Rychlost rdstu = 3mm/rok
Vyska < 1,69 m
U HTAD typ mutace, rozmeéry aorty pri disekci u pribuznych
Nizké operacni riziko
Zkusenost pracoviste
Vék <50 let

*Risk factors (RF) ‘

L &, i 0
Wy Length of W >3mm diameter Height Age <30 @| Arterial
ascending Al increase <1.69m years old % hypertension
i per year

aorta =1 lem

Centrum kardiovaskul@rni
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Algoritmus u HTAD




HTAD

Condition Gene | Clinical Features
Syndromic HTAD*
Marfan syndrome FENT Aortic root aneurysm, aortic dissectio

dactyly, dolichostenomelia, scoliosis,
stature, pneumothorax, dural ectasia

ECM = geny kdduijici extracelularni matrix

Loeys-Dietz syndrome

TGFBR1, TGFBRZ, SMADS, t
TGFBZ, TGFB3

TAA, branch vessel aneurysms, aortic

osltosis, hypertelorism, bluish sclera, bifid/broad uvula, translucent skin, visi 4
club feet, dural ectasia, and premature osteoarthritis and peripheral neurop TG F B ka Ska d a

dissection, arterial tortuosity, MVP, ¢

ECM = geny koduijici extracelularni matrix

Vascular Ehlers-Danlos syndrome COL3AT TAA, AAA, arterial rupture, acrtic dissection MVP bowel and iterine pinbure npoys |
mothoray, translucent skin, atrophic s
carotid=cavernous fistula
Arterial tortuosity syndrome SLC2ATO Tortuous large and medium sized arteries, aortic dilation, craniofacial, skin and skel-
etal features
Shprintzen-Goldberg syndrome Skl Craniosynostosis, skeletal features, aortic dilation TG F B ka S ka’ d a
Ehlers-Danlos syndrome with FLMA ¥dinked, periventricular nodular heterotopia, TAA, BAVY, MV disease, PDA,
periventricular nodular heterotopia zures, joint hypermobility
Meester-Loeys syndrome BGN ¥dinked, TAA, aortic dissection, MV disease
LOX-related TAA LOX TAA, BAV, aortic dissection, Marfanoid habitus in some
Smooth muscle dysfunction ACTAZ TAA, moyamoyadike cerebrovascular disease, pulmonary hypertension, pulmonary

syndrome

disease, hypoperistalsis, hypotonic bladder, congenital mydriasis’

Nonsyndromic HTAD (Familial TAA)

SMC=geny koduijici kontraktilni

elementy hladkych svalovych bunék

FTAA ACTAZ TAA, aortic dissection, premature CAD and m
livedo reticularis, iris flocculi
FTAA MYHT1 TAA, aortic dissection, PDA
FTAA MYLK Aortic dissection at relatively small aortic size
FTAA PRKGT Aortic dissection at young ages at small aortic sizes
FTAA MATZ4 TAA, aortic dissection, BAV
FTAA MFAPS TAA, aortic dissection, skeletal features may be present
FTAA FOXES TAA, aortic dissection
FTAA THSD4 TAA, aortic dissection

#% CINTGF
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