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Basic research

Proof of concept

Clinical application

yrkshop, European Commission, Brussels, Oct 2008
rdiovasc Res 2009; 83: 425



Etiology, pathogenesis and management
of thoracic aortic aneurysm

H. Ince, CA Nienaber. Nat Clin Pract Cardiovasc Med. 2007:4:418.



n Osler’s time

was employed to stop
ANeurysm progression and
revent rupture.

Nill our current therapies be
ooked at in another 100 years
1S similarly archaic?

JA Elefteriades. Acute Aortic Disease .New York: Informa Healthcare USA,Inc . 2007.




Etiology, pathogenesis and management
of thoracic aortic aneurysm

H. Ince, CA Nienaber. Nat Clin Pract Cardiovasc Med. 2007:4:418.



Black Blood Cine Bright Blood Flow Gadolinium 3D
Ascending Aorta Aortic Valve Aorta

ITM Tadros et al. Circulation 2009:119:880
JR Cooney et. al. Military Med. 2006;171:iv.



El-Hamamsy et. al. Nat Rev Cardiol . 2009;6:771.
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Angiography _ _
alone Angiography with
80- CT—an and/or echo
CT-scan and
601 echo
404
CT-scan or echo
201
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Year of surgery

Preoperative Diagnostic Imaging

Percent utilization

100

CA with
804 No Circulatory antegrade
Arrest (CA) CA cerebral
alone perfusion
60+
401 CA with retrograde
+ antegrade
20- cerebral perfusion
78 81 84 87 do 93 96 99 02 05

Circulatory Arrest Type

Year of surgery

M Stevens et al., JTCS 2009; 138:1349 (MGH, Boston)



El-Hamamsy et. al. Nat Rev Cardiol . 2009;6:771.



BAV - Media Ascending Aorta - Deficiency of fibrillin -1 Leads to VSM
Detachment from Elastin and Collagen, Inducing Apo ptosis and Lo
of Structural Integrity of the Matrix

TM Tadros et al. Circulation 2009:119:880
PW Fedak et. al. Circulation 2002:106:900.



| EI-Hamamsy et. al. Nat Rev Cardiol . 2009;6:771.



El-Hamamsy et. al. Nat Rev Cardiol . 2009;6:771.



DIAGNOSTIC CRITERIA FOR

MARFAN SYNDROME
Ghent Nosology

FBN1/TGFBR2 MUTATIONS

O

*  Recommended

work-up in

presenting with aortic aneury

o] dissection, with
(o]

diagno
young patie

T Familial aortic aneurysms
dissection

Aortic aneurysm, arterial
tortuosity, hypertelorism,
cleft palate, bifid uvula

T

TGFBR1 and TGFBR2
MUTATIONS

—

Visceral rupture, easy bruising,
Thin translucent skin,
Characteristic facial

appearance

<~ \

with aortic aneurysms or

dissection or aneurysms

First-degree relatives

in other localizations

Normal synthesis of
type 1l procollagen

Abnormal synthesis of
type Il procollagen

COLA31 MUTATIONS

TAAD1, TAAD2 and
FAA MUTATIONS

Canadas, | Vilacosta, | Bruna, V Fuster

. 2009 (Subm)
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Ramanath et. al. Mayo Clin Proc . 2009;84:465.
CA Nienaber et. al. Circulation 2003;108:628.



DEMOGRAPHICS AND HISTORY OF PATIENTS (N=464)
WITH ACUTE AORTIC DISSECTION

Type A, n (%) Type B, n(%) p Value

Variable n (%) (n=289) (n=175) Type Avs B
larfan syndrome 22/449 (4.9) 19 (6.7) 3(1.8) 0.02
lypertension 326/452 (72.1) 194 (69.3) 132 (76.7) 0.08
therosclerosis 140/452 (31.0) 69 (24.4) 71 (42) <0.001
rior aortic dissection 29/453 (6.4) 11 (3.9) 18 (10.6) 0.005
rior aortic aneurysm 73/453 (16.1) 35 (12.4) 4 (2.3) 0.006
iabetes 23/451 (5.1) 12 (4.3) 11 (6.6) 0.29
rior cardiac surgery 83 (17.9) 46 (15.9) 37 (21.3) 0.16

AD (PC Hagan et al.) JAMA 2000; 283:897
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FBN1
Mutation Rupture

ﬂ ﬁ dp/dt

Aortic diameter
TGF-

Aneurysm BP

@ Formation
Size

TIMP MMP ﬁ
—L Stiffness
K Elastin

Collagen
CMD :%]

Proteases
VSMC
Degenerative ﬁ
Diseases

_Lao, S Elmariah, S van der Zee, BA Sealove, V Fu ster 2009



| EI-Hamamsy et. al. Nat Rev Cardiol . 2009;6:771.



Matt et. al. Circulation 2009:120:526.



A classification Chromosome Gene Protein Location
rfan syndr. 15g21.1 FBN1 Fibrillin 1 ECM
rfan -like syndr : 3p24-25 TGFBR2 TGF- R2 Cell Surf.
eys -Diatz syndr. 3p24-25 TGFBR2, TGF- R2, TGF- R1 Cell Surf.

9033-34 TGFBR1
lers -Danlos syndr . 2g24.3-31 COL3A1  Type lil collagen ECM

|-Hamamsy, MH Yacoub. Nat Rev Cardiol 2009; 6:771



A classification Chromosome Gene Protein Location
V-TAA syndr. 9934-36, NOTCH1 Notch 1 Intracell.
other Unidentified Unidentified
2rial tortuos. syndr. 20g13.1 SLC2A10  GLUY10 Intracell.
ner syndr. 45,X0 Unidentified Unidentified Unidentified
onan syndrome 12924.1 PTPN11 PTPM11 (SHP2) Intracell.
SOS1 GTPase K-Ras
2p21-22 SOS1 Unidentified Cell membr.
12pl12.1 KRAS Unidentified Cell membr.
ycyc. Kidney Disease 16p13.3 PDK1 Polycystin 1 Cell membr.
4921-22 PKD2 Polycystin 2

|-Hamamsy, MH Yacoub. Nat Rev Cardiol 2009; 6:771



A classification Chromosome Gene Protein Location

Nonsyndromic Familial

TAAD1 5013-14 Unidentified Unidentified Unident ified
FAAL 11923-24 Unidentified Unidentified Unidenti  fied
TAAD2 3p24-25 TGFBR2 TGF- R2 Cell surface
TAAD3 15024-26 Unidentified Unidentified Unidenti  fied
TAAD4 10923-24 ACTAZ2 Sm. Musc. actin Intracellular
TAAD-PDA 16p12-13 MYH11 -MHC Intracellular
TAADS 9g33-34 TGFBR1 TGF- R1 Cell surface

|-Hamamsy, MH Yacoub. Nat Rev Cardiol 2009; 6:771



TM Tadros et al. Circulation 2009:119:880.



-vidence indicates that BAYV, which affects 1 to 2% of the
opulation, Is a genetic disorder . Although first degree
elatives (FDRSs) of affected individuals have anin  creased
revalence of BAV -9 to 21%-, their risk of aortic root

bnormalities is unknown. We studied dimensions as well a
ne elastic properties of the ascending aorta in 48 FDRs with
norphologically normal tricuspid aortic valves, 54 BAV

atients, and 45 control subjects using 2  -dimensional
chocardiography. The prevalence of aortic root dilation was
2% In FDRs and 53% in BAV patients.

> Biner et al.,, JACC 2009; 53:2288 (Cedars Sinai, LA)



NOTCH1 mutation Disrupted intercellular signaling
during aortic valve development

UFD1L downregulation Abnormal development
of the cardiac outflow tract

ACTAZ2 mutation < VSMC actin , production

eNOS mutation Abnormal valve and vascular
development

Chromosomal linkage detected N/A
on 5q, 13q, 18q, 22q

‘M Tadros et al., Circ 2009; 119:880 (Boston Univ., Hadarrah, Jerusalem)



| EI-Hamamesy et. al. Nat Rev Cardiol . 2009;6:771.
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HEMODYNAMIC FACTORS - DILATATION TO DISSECTIOI

BP
/I <& Arterial

Diameter

EK Prokop, RF Palmer, MW Wheat. Circ Res 1970; 27:121 —



WALL STRESS OF THE AORTA AT VARIOUS BP & DIMENSIONS

1000
B sgpP 100 mm Hg
[]
800
<
o
X 600+
(7))
(7))
o
P 400+
@S
=
200-
0]
Normals <4cm 4.1-5cm 5.1-6cm >6Cm

Aortic Diameter (cm)

- Modified from Elefteriades et al., 2009
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(a) Baseline
(b) Blood (a) (b) Vasodilator
pressure (i.e., Nitroprusside)
(c) Beta blockade

(c) dp/dt

(d) Substrate ?

Sanz, A Einstein, V Fuster. In Acute Aortic Dise ase. Ed. J E lefteriades - 2007



PHARMACOLOGIC PROPERTIES OF INTRAVENOUS AGENTS
FOR THE MANAGEMENT OF ACUTE AORTIC DISSECTION

g Initial Initial Maintenance  Maximum Mechanism of Onset of  Duration
Bolus Dose Dose Action Action of Effect

sodilator Agents

roprusside 0.25 ng/kg/min - 2 nmg/kg/min  Art & ven dilator sec 3 min
alaprilat 0.625-1.25 mg 0.625 mgg6h 5 mg g6h ACE inhib 15 min 12-24h
noldopam

0.1 ng/kg/min 1.6 ng/kg/min dopam 1 agon 15 min 15 min

Icium Blockers

ardipine 5 mg/h 15 mg/h vasod 5-15m 4-6h
tiazem 5mggomx3 5 mg/h 15 mg/h vasod, neg chron 2-7 min  NA

Sang, A Einstein, V Fuster. In Acute Aortic Dise  ase. Ed. J Elefteriades - 2007



PHARMACOLOGIC PROPERTIES OF INTRAVENOUS AGENTS
FOR THE MANAGEMENT OF ACUTE AORTIC DISSECTION

g Initial Initial Maintenance  Maximum Mechanism of Onset of  Duration
Bolus Dose Dose Action Action of Effect

ti -impulse Agents

la Blockers

molol 500 ng/kg 10-50 ng/kg/min 300 ng/kg/min bl antagonist 2 min 20 min

toprolol 5 mg gbmin x 35 mg g2-3h 5 mg g2-3h b1l antagonist 2 min 3-6 h

)pranolol 1-2 mg 1 mg/h gtt or 2 mg/h gtt or b1, b2 antagonist 5 min 3-6 h
2mg g3-4h 4mg g3-4h

etalol 20 mg 2mg/mingttor 300mgin24h bl, b2,al antagon. 2-5min 2-4h

lcium Blockers

rapamil 5-10 mg 5 mg/h 5 mg/h negative inotrope/ 3-5min NA

chronotrope
nglionic Blocker
methaphan 0.5 mg/min 15 mg/min ganglionic blocker 1-5min 10 min

Sang, A Einstein, V Fuster. In Acute Aortic Dise  ase. Ed. J Elefteriades - 2007
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) MFS - IMPACT OF #BLOCKERS ON AORTIC ROOT DIAMETER - THI
REGRESSION CURVES OF DIAMETER 2 (SINUSES OF VALSALV A)
ACCORDING TO AGE (N=77 vs 78)

”
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-
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=4

Control Group: slope = 1.15+0.08

Aortic Diameter (mm)
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o

Ladouceur et al., AJC 2007, 99:406 (Paris)



) Losartan, an AT1 Antagonist, Prevents Aortic Aneury sm i
a Mouse Model of Marfan Syndrome

ortic aneurysm and dissection are manifestations o f
Aarfan syndrome (MFS), a disorder caused by

nutations in the gene that encodes fibrillin ~ -1. Aortic
\neurysm in a mouse model of MFS Is associated with
ncreased TGF -b signaling and can be prevented by
"GF-b antagonists such as TGF- Db-neutralizing

\ntibody or the angiotensin Il type -1 receptor (AT1)
locker, losartan. Losartan merits investigation as a
herapeutic strategy for patients with MFS

1C Dietz et al., Science 2006; 312:117 (Johns Hopkins)



2b) PERINDOPRIL THERAPY IN PATIENTS WITH MARFAN SYN DROM

65 Patients approached for potential recruitment

48 Excluded
25 Declined participation
10 Did not satisfy diagnostic criteria
5 Women of childbearing potential
8 Had severe aortic regurgitation

17 Randomized

7 Randomized to receive placebo 10 Randomized to receive perindopril
7 Completed 24-Wk follow-up 10 Completed 24-WKk follow-up
7 Included in analysis 10 Included in analysis

A Ahimastos et al., JAMA 2007; 298:1539 (Melbourne)



2b) PATIENT VALUES FOR SYSTEMIC ARTERIAL COMPLIANC E
AND CENTRAL AND PERIPHERAL PULSE WAVE VELOCITIES

Systemic Central Pulse Wave Peripheral Pulse Wave
Arterial Compliance Velocity Velocity
1.0- 10+ 14+
0.84 - : \ 12— § é% @
o——9 i
0.6+ ) %O/O % : o104 ©— °
i f ] = E
6—

04 4

0 o [ ’\‘
0.2 E 4 §)

Baseline 24 Weeks Baseline 24 Weeks Baseline 24 Weeks Baseline 24 Weeks Baseline 24 Weeks Baseline 24 We

L J J L J J L J

Placebo  Perindopril Placebo  Perindopril Placebo  Perindopril

A Ahimastos et al., JAMA 2007, 298:1539 (Melbourne)



2C) [ Individual with Marfan Syndrome
|

Screening for Eligibility, Consent
|

Taking BB, ARB, ACEI, or CCB

/\

BB = b-Blocker
[Taper and Washout ]<— Yes No

ARB = angiotensin Il
: receptor blocker
Baseline Assessment ]

ACEI = angiotensin- converting
enzyme inhibitor

(
(

[ Randomization ]
CCB = calcium- channel block
|

|
Atenolol Losartan
|

I
|
Uptitration
|

[ 6, 12, 24, and 36-month ]

Aortic Root Growth

ediatric Heart Network (RV Lacro et al.) AHJ 2007; 154:624
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he Japan Adult Cardiovascular Surgery Database was used; this
wolved approximately 180 hospitals throughout Jap an through a web
ased data entry system. Variables and definitions are almost identica

) the STS National Database in the U.S. and the Eu roSCORE syste m ir
urope. 4707 records were analyzed from 97 hospitals— aortic root,
0%; ascending aorta, 47%,; aortic arch, 44%; distal  arch, 21%;
escending aorta, 27%; and thoracoabdominal aorta, 8%. 30-day
perative mortality rates were 8.6%. Postoperative Incidence of
ermanent stroke was 6.1%, and renal failure requiring dialysis was
.7%. OR emergency or salvage, 3.7; creatinine > 3.0 mg/d L, 3.0;

nexpected coronary artery bypass graft, 2.6. This is the first report of
sk stratification on thoracic aortic surgery usin g a nationwid e surgica
atabase.

—

—

JACVSD (N Motomura et al.) Circ 2008; 118(Suppl 1):S153



1) THORACIC AORTIC ANEURYSMS - INDICATIONS FOR SURGE RY

» A diameter of 2 55 mm for an ascending aortic aneurysm,
» 3 60 mm for a descending aortic aneurysm,;

» often # 70 mm In high-risk comorbidities;

» 3 45 mm In MES (BAV?).

» Accelerated growth rate @ 10 mm per year) in aneurysms
<55 mm In diameter.

» The presence of recurrent symptoms.

» Evidence of proximal dissection.

H Ince, CA Nienaber. Nature CV Med 2007: 4:418
Non Familial (Atherosclerotic ?)



INDICATIONS FOR ELECTIVE SURGICAL REPAIR OF DILATED
ASCENDING AORTA ASSOCIATED WITH

ortic diameter > 50 mm
ortic diameter > 45 mm associated with any of the following:

Expansion rate > 0.5 cm/y in an adult
Aortic coarctation, corrected or uncorrected
First-degree relative with ascending aortic dissect lon or rupture
Long smoking history, especially with COPD
Small adult body size, indicated by either of the f  ollowing:
Ratio of aortic area to body height >10cm  2/m
Ratio of aortic diameter to body surface area> 4.2 5 cm/m?

ortic diameter >40 mm with indication for elective AVR

A Tadros et al., Circ 2009, 119:880 (Boston Univ., Hadarrah, Jerusalem)
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AD (TT Tsai et al.) Circ 2006; 114:1-350



Survival after surgical intervention Freedom from Aortic Reoperation on the
for all hospital survivors (n=195) Aorta or Aortic Valve — (n=195)
100+
S
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3 N L
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o
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Hospital mortality decreased (1979-2003)
from 21% to 4% and to late survival

M Stevens et al., JTCS 2009; 138:1349 (MGH, Boston)



I\/Iaio Clinic Cardiovasc Uidate 2009:7:1.
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Recipients of surgical repair had significantly lon ger
hospital stays (40 + 24 days vs 7 £ 3 days

D (Tsai TT et al.) Circ 2006; 114:2226 — VS Ramdinath et al., Mayo Clin Proc  2009; 84:465
ynezhad A etal JTCS 2009;138:625 — Himashu JP et al.,JTCS 2009;138:301: Endovascular
c TAA Repair vs Surgery: Hosp 10d vs 20d - JE Bavaria et al JTCS 2007; 133: 369
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ACEI postop, valve-sparing root replacement , and mitral valve repair have low reoperative risk

) Everett, AT Yetman et al.,, JTCS 2009; 137:1327 (Salt Lake City, Denver)



VS Ramanath et. al. Mayo Clin Proc . 2009;84:465.
MA Coady et. al. Cardiol Clin . 1999;17:637.

IRAD (A Evangelista et al.) Circulation  2005; 111:1063 -



Sixty-six patients with type A IMH were admitted to our
1stitution from 1986 to 2006.  Emergent surgical repair was
erformed in 24% because of severe complications . In
nedically treated patients,

to classic dissection or increase in hematoma

ize and, within 30 days, underwent surgical repair. The 30-
lay mortality rate was 6% with emergent surgery and 4% witl
upportive medical therapy. The actuarial  survival rates of al
atients were 96 + 3%, 94 + 3%, and 89 £+ 5% at 1, 5, and 10
ears. Aortic diameter 50 mm predicted progression of
scending IMH. Combination of medical therapy and timely
peration resulted in favorable long -term clinical outcomes in
atients with type A IMH.

T Kitail et al., Circulation 2009; 120[suppl 1]:S292 (Kobe, Japan)



Jetweeen October 1999 and May 2008 , 36 with type A
MH were included. IMH patients -19%- were repaired
mmediately, 80% managed initially with optimal

nedical management and eventual repair and 1 (3%)
vith medical management only.

NO conversions were observed within 72 hours.

\ortic diameter did not predict conversion. Typical
lissection increased significantly at 8 days from t he
)nset of symptoms

—

A Estrera et al., Circulation 2009; 120 [suppl 1]:5287 (Houston)



Among consecutive patients with type A acute aortic
yndrome, 101 had IMH. Urgent operations were performed |
6 % with unstable IMH. The remaining stable IMH patients
ecelved initial medical treatment, and

Initial aorta diameter
nd hematoma thickness were independent predictors for
levelopment of these events, and the  best cutoff values were
5 and 16 mm, respectively. The overall hospital mortality
vas 7.9%. The 1-, 2-, and 3-year survival rates of IMH patient
vere 87.6 + 3.6%, 84.9 + 3.7%, and 83.1 £4.1%, respectively.
‘he clinical outcome of IMH patients receiving trea  tment by
ur policy was comparable to that of surgically tre ated AD
atients. However, adverse clinical events were not
Incommon with medical treatment alone

J-K Song et al., Circulation 2009, 120:2040 (Seoul, S. Korea)



A Estrera et. al. Circulation 2009;120[suppl 1]:S287.
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