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Etiology, pathogenesis and management
of thoracic aortic aneurysm

H. Ince, CA Nienaber. Nat Clin Pract Cardiovasc Med. 2007;4:418.
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TM Tadros et al. Circulation 2009;119:880
JR Cooney et. al. Military Med. 2006;171:iv .

With ECG- Gated MRI, ascending aortic dimensions 
and dynamics are most accurately measured 

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



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

Anatomic Boundaries of BAV Disease



AORTIC ANEURYSM  / DISSECTION*

DIAGNOSTIC CRITERIA FOR
MARFAN SYNDROME

Ghent Nosology

FBN1/TGFBR2 MUTATIONS

LOEYS-DIETZ TYPE I

MARFAN
SYNDROME

Visceral rupture, easy bruising,

Thin translucent skin,

Characteristic facial

appearance

Consider other diseases
MRA, Biochemical diagnosis, Genetic testing

LOEYS-DIETZ TYPE II EHLERS-DANLOS
TYPE IV

FAAD†

First-degree relatives

with aortic aneurysms or

dissection or aneurysms

in other localizations

Aortic aneurysm, arterial

tortuosity, hypertelorism,

cleft palate, bifid uvula

Normal synthesis of

type III procollagen

Abnormal synthesis of

type III procollagen

TAAD1, TAAD2 and
FAA MUTATIONS

TGFBR1 and TGFBR2

MUTATIONS

COLA31 MUTATIONS

+

�

* Recommended diagno
work- up in young patie
presenting with aortic aneury
or dissection, with
hypertension or bicuspid ao
valve

† Familial aortic aneurysms 
dissection

V Canadas, I Vilacosta, I Bruna, V Fuster .  2009 (Subm)



Classification of distal & proximal aortic dissecti on.
(6 people per 100.000 per year)

H. Ince, CA Nienaber. Heart 2007;93:266.



Marfan Syndrome: 30 Years of Research Equals 30 
Years of Additional Life Expectancy

RE Pyeritz.  Heart 2009; 95:173



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

In Osler ’s time , electroshock

therapy was employed to stop

aneurysm progression and

prevent rupture. 

Will our current therapies be 

looked at in another 100 years

as similarly archaic?
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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 A vs B

Marfan syndrome 22/449 (4.9) 19 (6.7) 3 (1.8) 0.02

Hypertension 326/452 (72.1) 194 (69.3) 132 (76.7) 0.08

Atherosclerosis 140/452 (31.0) 69 (24.4) 71 (42) <0.001

Prior aortic dissection 29/453 (6.4) 11 (3.9) 18 (10.6) 0.005

Prior aortic aneurysm 73/453 (16.1) 35 (12.4) 4 (2.3) 0.006

Diabetes 23/451 (5.1) 12 (4.3) 11 (6.6) 0.29

Prior cardiac surgery 83 (17.9) 46 (15.9) 37 (21.3) 0.16

IRAD (PC Hagan et al.) JAMA 2000; 283:897
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Junquiera LC, Carneiro J:
Basic Histology Text and Atlas , 11th ed. McGraw-Hill Access Medicine. 2005.

STRUCTURE                    NORMAL  AORTA FUNCTION
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Junquiera LC, Carneiro J:
Basic Histology Text and Atlas , 11th ed. McGraw-Hill Access Medicine. 2005.

STRUCTURE                 AORTIC  ANEURYSM - MFS DYSFUNCTIO
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MECHANISMS OF AORTIC ANEURYSM FORMATION – MARFAN’S

FBN1
Mutation

� Fibrillin

� TGF-�

� MMP� TIMP

Rupture

� Collagen

Aneurysm
Formation

CMD

� Stiffness

� Elastin
� Collagen

Degenerative
Diseases

VSMC

� Proteases

� dp/dt
� Aortic diameter
� BP

� Size

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



DIFFERENTIAL DIAGNOSIS OF MARFAN SYNDROME

• MASS phenotype
• Marfanoid Skeletal Syndrome
• Familial Ectopia Lentis
• Familial Mitral Valve Prolapse

Hereditary Syndromes Fibrillinopathies • Familial aracnodactyly
(Connective Tissue Diseases) • Congenital Contractural

Aracnodactyly
• Shprintzen-Goldberg

Syndrome

Non- • Loeys-Dietz Syndrome
Fibrillinopathies • Ehlers-Danlos Syndrome

Non-Syndromic Familial Aortic • Bicuspid Aortic Valve 
Aneurysm • Familial Aortic Aneurysms & Dissections (TAAD1,

TAAD2 y FAA)

V Canadas, I Vilacosta, I Bruna, V Fuster.  2009 (Subm)



HEREDITARY  SYNDROMES  WITH  AORTIC ANEURYSMS
CONGENITAL

MARFAN CONTRACTURAL
ARACNODACTYLY

-Skeletal manifestations -Dulicoesteonmelia
-Ectopia lentis -Aracnodactyly

PHENOTYPE -Aortic aneurysms and -Multiple joints contractures
dissection -Abnormally shaped ears

-Dural ectasia (crumpled appearance)

Classic mutaltions in FBN1
GENETICS (15q21.1) Mutations in FBN2 (5q23-31)

Type II: mutations in TGFRR2
(3p25 2,25)

EPIDEMIOLOGY 1/3000-5000 Unknown

PHYSIOPATHOL. Altered synthesis of fibrillin-1 Altered synthesis o f fibrillin 2
Altered regulation of TGF- �

INHERITANCE Autosomal dominant Autosomal dominant

DIAGNOSIS Clinical assessment (Ghent)             ± Clinical a ssessment ± genetic
genetic testing testing

PROGNOSIS Median survival if treated 70 y

Beta Blockers/ARBs Physical therapy
TREATMENT Prophylactic aortic surgery if             Cardiova scular monitoring on

diameter � 50 mm or rapid yearly basis
progression of dilation

V Canadas, I Vilacosta, I Bruna, V Fuster .  2009 (Subm)



HEREDITARY  SYNDROMES WITH  AORTIC  ANEURYSMS

V Canadas, I Vilacosta, I Bruna, V Fuster.  2009 (Subm)

EHLERS-DANLOS
TYPE I LOEYS-DIETZ TYPE II LOEYS-DIETZ SYNDROME (VASC ULAR

SYNDROME SYNDROME OR TYPE IV)

-Easy bruising
-Absence of facial features -Thin, translucent and v elvety

-Hyperelorism and except for bifid uvula skin
craniosynostosis -Similar to type IV ??? -Joint hyper mobility

PHENOTYPE -Cleft Palate/Bifid uvula Danlos Syndrome (bruising, -Viceral (spleen, bowel, uterus
- Arterial tortuosity and visceral fragility or ruptu re…) rupture
aneurysms -Obstetrical complications

- Charact. facial appearance

GENETICS Mutations in TGFBR1 and Mutations in TGFBR1 and Mutat inos in COL3A1 (2q)
TGFBR2 (3p24.2-25) TGFBR2 (3p24.2-25)

EPIDEMIOLOGY
Unknown Unknown 1/25000

(type IV, 4% of cases)

PHYSIOPATHOLOGY Altered regulation of TGF- � Altered regulation of TGF- � Abnormal synthesis type III
collagen

INHERITANCE Autosomal dominant Autosomal dominant Autos. dominant

Clinical assessm.t; Biochem.
DIAGNOSIS Clinical assessment ± genetic Clinical assessment ± ge netic diag. (Type III precollagen

testing testing quantification in cultured
fibroblasts) or genetic test

PROGNOSIS Median surv. 37 y.  Mean age Median surv. 37 y.  Mea n age Median surv. 48 y.  High risk
at death 26 y. At death 26 y. of surgical complicatio ns

TREATMENT Beta Blockers Beta Blockers
Prophylactic aortic surgery if Prophylactic aortic s urgery if Prophylactic aortic surgery if
diameter � 40 mm diameter � 40 mm diameter � 40 mm



ABNORMALITIES ASSOCIATED WITH BAV DISEASE

Genetics                                                    Result

NOTCH1 mutation Disrupted intercellular signaling
during aortic valve development

UFD1L downregulation                   Abnormal development
of the cardiac outflow tract

ACTA2 mutation <   VSMC actin � 2 production

eNOS mutation                                 Abnormal valve and vascular
development

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

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



TM Tadros et al. Circulation 2009;119:880
M Nataatmadja et. al. Circulation 2003;108:II329 .

The total thickness of the 

aortic media is the same for 

BAV and TAV aortas, but the 

distance between the elastic 

lamellae is greater with 

BAV, and the lamellae 

themselves are thinner and 

more fragmented

BAV vs TAV  - Histopathology of the Aortic Media



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

BAV - Media Ascending Aorta - Deficiency of fibrillin -1 Leads to VSMC
Detachment  from Elastin and Collagen, Inducing Apo ptosis and Lo s

of Structural Integrity of the Matrix
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dp / dt max

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

HEMODYNAMIC   FACTORS  - DILATATION  TO DISSECTION

BP

1      2

3 
4 Arterial 

Diameter



ENHANCED PROGRESSION OF AORTIC DISSECTION
IN RELATION TO INCREASING LEVELS OF dp/dt max
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WALL  STRESS  OF  THE  AORTA  AT VARIOUS  BP  & DIMENSIONS
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ASCENDING AORTIC DIAMETER (cm)AS A FUNCTION OF HEIG HT (cm) 
AMONG CHILDREN WITH BAV (N=101) vs CONTROLS WITH TA V (N=97)

TM Tadros et al., Circ 2009; 119:880 (Boston Univ., Hadarrah, Jerusalem)
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J Sanz, A Einstein, V Fuster.  In Acute Aortic Dise ase.  Ed. J E lefteriades - 2007

Blood
pressure

Time

(b)
(a)

(c)  dp/dt

(a) Baseline
(b) Vasodilator

(i.e., Nitroprusside)
(c) Beta blockade

(d) Substrate ?



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

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

Vasodilator Agents

Nitroprusside 0.25 mmmmg/kg/min 2 mmmmg/kg/min Art & ven dilator       sec 3 min

Enalaprilat 0.625-1.25 mg 0.625 mg q6h      5 mg q6h ACE  inhib 15  min 12-24 h
Fenoldopam 

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

Calcium Blockers

Nicardipine 5 mg/h 15 mg/h vasod 5-15 m 4-6 h
Diltiazem 5 mg q5m x 3 5 mg/h 15 mg/h    vasod, neg chron      2-7 min NA

J Sang, 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

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

Anti -impulse Agents

Beta Blockers

Esmolol 500 mmmmg/kg 10-50 mmmmg/kg/min 300 mmmmg/kg/min bbbb1 antagonist 2 min 20 min
Metoprolol 5 mg q5min x 3 5 mg q2-3h 5 mg q2-3h bbbb1 antagonist 2 min 3-6 h
Propranolol 1-2 mg 1 mg/h gtt or 2 mg/h gtt or bbbb1, bbbb2 antagonist 5 min 3-6 h

2mg q3-4h 4mg q3-4h
Labetalol 20 mg 2 mg/min gtt or 300 mg in 24 h bbbb1, bbbb2, aaaa1 antagon.    2-5 min 2-4 h

Calcium Blockers

Verapamil 5-10 mg 5 mg/h 5 mg/h negative inotrope/ 3-5 min NA
chronotrope

Ganglionic Blocker

Trimethaphan 0.5 mg/min 15 mg/min ganglionic blocker 1-5 min 10 min

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



MFS - IMPACT OF bbbb BLOCKERS ON AORTIC ROOT DIAMETER - THE
REGRESSION CURVES OF DIAMETER 2 (SINUSES OF VALSALV A)

ACCORDING TO AGE (N=77 vs 78)
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Control Group: slope = 1.15±0.08

Treatment Group: slope = 1.04±0.05

M Ladouceur et al., AJC 2007; 99:406 (Paris)
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1) Losartan, an AT1 Antagonist, Prevents Aortic Ane urysm in 
Mouse Model of Marfan Syndrome

Aortic aneurysm and dissection are manifestations o f 
Marfan syndrome (MFS), a disorder caused by 
mutations in the gene that encodes fibrillin -1. Aortic 
aneurysm in a mouse model of MFS is associated with
increased TGF -bbbb signaling and can be prevented by 
TGF-bbbb antagonists such as TGF- bbbb-neutralizing 
antibody or the angiotensin II type -1 receptor (AT1) 
blocker, losartan. Losartan merits investigation as a 
therapeutic strategy for patients with MFS .

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



2) PERINDOPRIL THERAPY IN PATIENTS WITH MARFAN SYND ROME

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

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

10 Completed 24-Wk follow-up7 Completed 24-Wk follow-up

7 Included in analysis 10 Included in analysis



PATIENT VALUES FOR SYSTEMIC ARTERIAL COMPLIANCE
AND CENTRAL AND PERIPHERAL PULSE WAVE VELOCITIES
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AA Ahimastos et al., JAMA 2007; 298:1539 (Melbourne)



Pediatric Heart Network (RV Lacro et al.) AHJ 2007; 154:624

Individual with Marfan Syndrome

Screening for Eligibility, Consent

Taking BB, ARB, ACEI, or CCB

Yes NoTaper and Washout

Baseline Assessment

Randomization

Atenolol Losartan

Uptitration

6, 12, 24, and 36-month
Aortic Root Growth

BB = bbbb-Blocker

ARB = angiotensin II 
receptor blocker

ACEI = angiotensin- converting
enzyme inhibitor

CCB = calcium- channel block

3) 
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1) Risk Model of Thoracic Aortic Surgery in 4707 Ca ses From A
Nationwide Single Web-Based Data Entry System

The Japan Adult Cardiovascular Surgery Database was  used ; this 
involved approximately 180 hospitals throughout Jap an through a web
based data entry system.  Variables and definitions are almost identica
to the STS National Database in the U.S. and the Eu roSCORE syste m in
Europe.  4707 records were analyzed from 97 hospitals– aortic root, 
10%; ascending aorta, 47%; aortic arch, 44%; distal  arch, 21%; 
descending aorta, 27%; and thoracoabdominal aorta, 8%. 30-day 
operative mortality rates were 8.6%.  Postoperative  incidence of 
permanent stroke was 6.1%, and renal failure requiring dialysis was 
6.7%.  OR emergency or salvage, 3.7; creatinine > 3.0 mg/d L, 3.0; 
unexpected coronary artery bypass graft, 2.6.  This is the first report of
risk stratification on thoracic aortic surgery usin g a nationwid e surgica
database.

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



2) THORACIC AORTIC ANEURYSMS - INDICATIONS FOR SURGE RY

• A diameter of ³³³³ 55 mm for an ascending aortic aneurysm, 

• ³³³³ 60 mm for a descending aortic aneurysm; 

• often ³³³³ 70 mm in high-risk comorbidities; 

• ³³³³ 45 mm in MFS (BAV?).

• Accelerated growth rate (³³³³ 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 ?)



3)  INDICATIONS FOR ELECTIVE SURGICAL REPAIR OF DIL ATED 
ASCENDING AORTA ASSOCIATED WITH BAV

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

Aortic diameter > 5.0 cm

Aortic diameter > 4.5 cm 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 ion 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 > 10 cm 2/m
Ratio of aortic diameter to body surface area > 4.2 5 cm/m 2

Aortic diameter >4.0 cm with indication for elective AVR  



4) PROPOSED MANAGEMENT OF AN ASYMPTOMATIC ABDOMINA
AORTIC ANEURYSM

Asymptomatic abdominal aortic aneurysm

< 4.5 cm 4.5-5.0 cm 5.0-5.5 cm >5.5 cm

Ultrasound
q 6 months

Ultrasound
q 3 months
or 6 months

Surgery
Or endovascular
repair if:
•Female patients
•Familial cases
•“Proved” rapid growth
•Positive PET scan
•High serum MMP-9

Ultrasound
every 3 months
or 6 months

Surgery
or
Endovasc
repair

N Sakalihasan, R Limet, OD Defaw.  Lancet 2005; 365:1577 (Liege)



5)  MEDICAL MANAGEMENT OF AORTIC DISSECTION

Transfer to coronary care unit
Hemodynamic monitoring

Analgesia (morphine sulphate)
(Intubation/mechanical ventilation)

Hypotension/shock Normotension Hypertension

I.V. betablockers
+/- vasodilators
If betablockers contraindicated

-Calcium blockers?
-Trimethaphan

Consider

CHF Bleeding
Tamponade

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

- Prompt diagnostic test (imaging)
- Consider indications for surgery and/or

percutaneous intervention

Fluid
resuscitation

Goals:

SAP=100-120 mmHg
MAP=60-75 mmHg



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

Aortic dissection suspected

Initiate medical therapy

Diagnostic test (imaging)

Dissection present?NoContinue evaluation

Yes

Type A Type B

Surgery and/or
percutaneous
intervention

Long-term
medical therapy

-Ischemic
complications

-Intractable pain
-Severe
dilatation

-Impending
rupture

High-risk

Surgery
not

possible



6) Acute Intramural Hematoma of the Aorta

From 1010 patients with acute aortic syndromes who 

were enrolled in the the IRAD, the data demonstrates 

5.7% prevalence of IMH . Like classic AD, IMH is a 

highly lethal condition when it involves the ascending

aorta and surgical therapy should be considered, but 

this condition is less critical when limited to the  arch 

or descending aorta. Fully 16% of patients have 

evidence of evolution to dissection on serial imaging.

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



7) Type B AD - The Role of False Lumen Size
in Prediction of In-Hospital Complications After Acute

The incidence of complications developing in patien ts
with acute type B aortic dissection has been high.  
Fifty -five consecutive patients with acute type B aortic
dissection – 31 patients with a stable course (group 1)
and 24 patients who developed complications (group 
2).  Patients with initial MFLA � 922 mm2 or BVI 
number � 2 showed a significantly higher incidence o
in-hospital complications than the other patients (p < 
0.001).

C-P Chang et al., JACC 2008; 52:1170   MFLA = Maximal false lumen area
BVI = Branch-vessel involvement



7) TYPE B ADD - Survival for initial false lumen dia meters 
at the upper descending thoracic aorta

Song, JM et. al. J Am Coll Cardiol. 2007;50:799 (Seoul, South Korea)



7) TYPE B ADD - MORTALITY CURVE STRATIFIED ACCORDING TO
THE  STATUS OF THE FALSE LUMEN
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IRAD (TT Tsai et al.) NEJM 2007; 357:4



8) Type B AD - Is Surgery Still the Best Option?

Impact on survival of different treatment strategie s was 
analyzed in 571 patients with acute type B aortic dissection 
enrolled from 1996 to 2005 in the International Registry of 
Acute Aortic Dissection.  Of the 571 patients with acute type 
aortic dissection, 390 (68.3%) were treated medically, 59 
(10.3%) with standard open surgery and 66 (11.6%) w ith an 
endovascular approach. After propensity and multivariable 
adjustment, open surgical repair was associated with an 
independent increased risk of in-hospital mortality.

International Registry of Acute Aortic Dissection
(R Fattori, et al.) J Am Coll Cardio Intv 2008; 1:395



8)  Complicated Acute Type B Aortic Dissection: Midterm 
Results of Emergency Endovascular Stent-Grafting

Between November 1996 and June 2004, 16 patients with complicated 
acute type B aortic dissections (mean age 57 years, range 16- 88 years) 
underwent endovascular stent -grafting within 48 hours.  Complications
included contained rupture, hemothorax, refractory chest pain, a nd 
severe visceral or lower limb ischemia.  Early mortality was 25% ± 11% 
(70% confidence limit), with no late deaths .  No new neurologic 
complications occurred.  According to the latest sc an, 4 patient s (25%)
had complete thrombosis of the false lumen; the lum en was partia lly 
thrombosed in 6 patients (38%).  Distal aortic diam eter was incr eased in
only 1 patient.  With follow-up to 9 years, endovascular stent- grafting fo
patients with complicated acute type B aortic disse ction conferr ed 
benefit .

JP Verhoye, DC Miller et al., J Thor. Cardiov. Surg  2008; 136:424 
(Stanford)



8)  Type B AD - Stent Grafting in Patients with Marfan’s 

Fifteen patients with Marfan’s syndrome and chronic

AD of the DTA were identified among the 457 patients

of the European Talent Registry.  All patients 

underwent endovascular treatment.  Endovascular 

stent grafting of the dissected DTA is feasible in 

selected Marfan patients with low mortality and 

morbidity rates.

B Marcheix et al., J Am Coll Cardiol Intv 2008; 1:673
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