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Abdominal Aortic Aneurysm 

• 13th leading cause of death in the U.S.
• Most common in men >65 years
AAA 1 3% f ll d th d• AAA causes 1.3% of all deaths among men aged 
65−85 years in developed countries

• Most abdominal aneurysms are asymptomatic 
until ruptureuntil rupture

Kniemeyer HW, et al. Eur J Vasc Endovasc Surg. 2000;19:190‐196; 
Gillum RF. J Clin Epidemiol. 1995;48:1289‐1298; Sakalihasan N, et al. Lancet. 2005;365:1577‐1589.



Définition de lDéfinition de l’’AAAAAADéfinition de lDéfinition de l’’AAAAAADéfinition de lDéfinition de l AAAAAADéfinition de lDéfinition de l AAAAAA

Guillemeau, 
1632

diamètre aortique infrarénaldiamètre aortique infrarénal ≥ 30 mm≥ 30 mmdiamètre aortique infrarénal diamètre aortique infrarénal ≥ 30 mm≥ 30 mm



Définition de lDéfinition de l’’AAAAAADéfinition de lDéfinition de l’’AAAAAA
La dilatation irreversible dLa dilatation irreversible d’’un segment dun segment d’’une artèreune artère

diamètre aortique infrarénal diamètre aortique infrarénal ≥ 30 mm≥ 30 mm



Abdominal Aortic Aneurysm Abdominal Aortic Aneurysm yy
DiagnosisDiagnosis

•• Usually asymptomaticUsually asymptomatic
Di d i id t ll d i li i lDi d i id t ll d i li i l•• Diagnosed incidentally during clinical examDiagnosed incidentally during clinical exam

Sakalihasan N, et al. Lancet. 2005;365:1577-1589.



Abdominal Aortic AneurysmAbdominal Aortic AneurysmAbdominal Aortic Aneurysm Abdominal Aortic Aneurysm 
DiagnosisDiagnosis

•• Ultrasonography is the simplest and Ultrasonography is the simplest and 
cheapest diagnostic procedurecheapest diagnostic procedurecheapest diagnostic procedurecheapest diagnostic procedure

Sakalihasan N, et al. Lancet. 2005;365:1577-1589.



Abdominal Aortic AneurysmAbdominal Aortic AneurysmAbdominal Aortic AneurysmAbdominal Aortic Aneurysm
DiagnosisDiagnosis

•• CT scans helpful to determine surgical CT scans helpful to determine surgical 
treatmenttreatment endovascular or open surgeryendovascular or open surgerytreatment treatment -- endovascular or open surgeryendovascular or open surgery

Sakalihasan N, et al. Lancet. 2005;365:1577-1589.



Abdominal Aortic AneurysmAbdominal Aortic AneurysmAbdominal Aortic Aneurysm Abdominal Aortic Aneurysm 
DiagnosisDiagnosis

•• Magnetic Resonance Imaging Magnetic Resonance Imaging 
Anatomical and functionalAnatomical and functional 

imaging

Nchimi A,….. Sakalihasan N, Radiology, 2010.



The  versatility  of  ultrasound. 
from  M  Ellis  et  al  :  "The  limitations  of  ultrasound  in  surveillance  of  small  

The  versatility  of  ultrasound. 
from  M  Ellis  et  al  :  "The  limitations  of  ultrasound  in  surveillance  of  small  

abdominal  aortic  aneuryms" ;  edited  by  RM  Greenhalgh  &  JA  Mannick  
"The  cause  and  management  of  aneurysms".

abdominal  aortic  aneuryms" ;  edited  by  RM  Greenhalgh  &  JA  Mannick  
"The  cause  and  management  of  aneurysms".
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Determination of the expansion rate and incidence of rupture of abdominal aortic aneurysms.Determination of the expansion rate and incidence of rupture of abdominal aortic aneurysms.
R Limet, N Sakalihasan, A Albert, R Limet, N Sakalihasan, A Albert, J Vasc Surg 1991 ; 14 : 540J Vasc Surg 1991 ; 14 : 540--548548



The  risk of rupture is not exclusively determinedThe  risk of rupture is not exclusively determined

relative  increaserelative  increase 

by the size of the AAA but also by its growth rateby the size of the AAA but also by its growth rate
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Determination of the expansion rate and incidence of rupture of abdominal aortic aneurysms.Determination of the expansion rate and incidence of rupture of abdominal aortic aneurysms.
R Limet, N Sakalihasan, A Albert, R Limet, N Sakalihasan, A Albert, J Vasc Surg 1991;14:540J Vasc Surg 1991;14:540--548548



MODIFICATIONS OF THE EXTRACELLULAR MATRIX OF MODIFICATIONS OF THE EXTRACELLULAR MATRIX OF 

Elastin (%)Elastin (%)

ANEURYSMAL ABDOMINAL AORTAS AS A FUNCTION OF THEIR SIZEANEURYSMAL ABDOMINAL AORTAS AS A FUNCTION OF THEIR SIZE
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Sakalihasan et al, Eur J Vasc Surg 1993;7:633Sakalihasan et al, Eur J Vasc Surg 1993;7:633‐‐637637
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Quel est le rôle des métalloQuel est le rôle des métallo--protéases protéases 
dans le mécanisme de ces dans le mécanisme de ces 

modifications ?modifications ?



SOURCE  OF THE  POTENTIAL COLLAGENESES SOURCE  OF THE  POTENTIAL COLLAGENESES SOURCE  OF THE  POTENTIAL COLLAGENESES SOURCE  OF THE  POTENTIAL COLLAGENESES 

dd d

aa
bb cc

aa bb cc

a) Seruma) Serum
b) Luminal thrombus b) Luminal thrombus 
c) Parietal thrombusc) Parietal thrombusc) Parietal  thrombusc) Parietal  thrombus
d) Aortic walld) Aortic wall



Activité des gélatinases dans l'aorte normale et Activité des gélatinases dans l'aorte normale et 
anévrysmale évaluée par "soluble assay"anévrysmale évaluée par "soluble assay"

sérumsérum échantillons tissulaireséchantillons tissulaires

contrôlecontrôle AAAAAA AAAAAA normalnormalcontrôlecontrôle AAAAAA AAAAAA normalnormal

thrombusthrombus

luminalluminal pariétalpariétal paroi paroi 
titi

paroi paroi 
titiaortiqueaortique aortiqueaortique

n = 6n = 6 n = 10n = 10 n = 10n = 10 n = 10n = 10 n = 10n = 10 n = 6n = 6

72 kDa72 kDa 1.6 1.6 ±± 0.40.4 1.6 1.6 ±± 0.30.3 8.0 8.0 ±± 6.76.7 3.2 3.2 ±± 1.71.7 3.6 3.6 ±± 1.11.1 3.6 3.6 ±± 0.30.3
72 kDa Act.

92kDa92kDa

0

1.3 1.3 ±± 0.40.4

0

1.1 1.1 ±± 0.30.3

0

39.9 39.9 ±± 6.76.7

1.2 ± 1.0

8.0 8.0 ±± 2.12.1

1.9 ± 0.7

4.5 4.5 ±± 1.21.2

0.7 ± 0.2

1.6 1.6 ±± 0.40.4
92kDa Act. 0 0.1 0.1 ±± 0.20.2 00 0.8 0.8 ±± 0.90.9 1.2 1.2 ±± 0.9*0.9* 0

Les résultats sont exprimés par unités Les résultats sont exprimés par unités l de sérum ou par mg de tissu frais.l de sérum ou par mg de tissu frais.
Une unité correspond à l'activité de l'enzyme qui dégrade 1Une unité correspond à l'activité de l'enzyme qui dégrade 1g de gélatine en 16H à 37g de gélatine en 16H à 37°°CCUne unité correspond à l activité de l enzyme qui dégrade 1Une unité correspond à l activité de l enzyme qui dégrade 1g de gélatine en 16H à 37g de gélatine en 16H à 37 C.C.
* p < 0.05* p < 0.05

Sakalihasan et al, J.Vasc.Surg 1996
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human aorta :   29 layershuman aorta :   29 layers



TheThe dynamicsdynamics ofof thethe aorticaortic wallwall matrixmatrix.. SynthesisSynthesis andand degradationdegradation areare balancedbalanced
inin thethe normalnormal aortaaorta.. MetabolicMetabolic activityactivity increasesincreases inin thethe diseaseddiseased aorta,aorta, favoringfavoring
eithereither proteinprotein accumulationaccumulation (AOD)(AOD) oror matrixmatrix degenerationdegeneration (AAA)(AAA)..



frequency of AAA in populationfrequency of AAA in population--
based screening studiesbased screening studiesbased screening studies  based screening studies  

ranging 2.4% ranging 2.4% 3.9%3.9%
(AAA (AAA ≥ 30 mm ≥ 30 mm ))



Abdominal Aortic Aneurysm −
Epidemiology

• Incidence has increased in the past two decades
– SmokingSmoking
– Aging population
Introduction of screening programs– Introduction of screening programs

– Improved diagnostic tools
P l i• Prevalence in men > women
– Men between 1.3%−8.9%
– Women between 1.0%−2.2%

Lederle FA, et al. Arch Intern Med. 2000;160:1425‐1430; Lindholt JS, et al. Euro J Vasc Endovasc Surg. 2000;20:369‐373; 
Lederle FA, et al J Vasc Surg. 2001;34:122‐126; Singh K, et al. Am J Epidemiol. 2001;154:236‐244; 
Vardulaki KA, et al. Br J Surg. 2000;87:195‐200; Sakalihasan N, et al. Lancet. 2005;365:1577‐1589.
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Autopsy-based  age  specific  rate  (95%  confidence  limit)  
of  abdominal  aortic  aneurysms  in  Malmö,  Sweden. 

from  D  Berqvist  et  al  :  "Associated  atherosclerotic  manifestations" ;  edited  by        
RM G h l h & JA M i k "Th d t f "

Autopsy-based  age  specific  rate  (95%  confidence  limit)  
of  abdominal  aortic  aneurysms  in  Malmö,  Sweden. 

from  D  Berqvist  et  al  :  "Associated  atherosclerotic  manifestations" ;  edited  by         
RM G h l h & JA M i k "Th d t f "RM  Greenhalgh  &  JA  Mannick  "The  cause  and  management  of  aneurysms".RM  Greenhalgh  &  JA  Mannick  "The  cause  and  management  of  aneurysms".



Factors promoting the aortic rupture
gender

Figure 6   Mass fractions of elastin and collagen within the thrombus‐covered intima‐media composite for male and female patients. Significant 
differences are noted for the dry weight percentages of both elastin and collagen between male and female.

J. Tong , A.J. Schriefl , T. Cohnert , G.A. HolzapfelJ.  Tong , A.J.  Schriefl , T.  Cohnert , G.A.  Holzapfel

Gender Differences in Biomechanical Properties, Thrombus Age, Mass Fraction and Clinical Factors of Abdominal Aortic Aneurysms

European Journal of Vascular and Endovascular Surgery Volume 45, Issue 4 2013 364 ‐ 372
http://dx.doi.org/10.1016/j.ejvs.2013.01.003



PREVALENCE and RISK FACTORS OF AAAPREVALENCE and RISK FACTORS OF AAAPREVALENCE and RISK FACTORS OF AAAPREVALENCE and RISK FACTORS OF AAA
(POPULATION BASED STUDY in LIEGE) (POPULATION BASED STUDY in LIEGE) 

âge n %
65 18 3,9

sans AAA avec AAA

75 10 3,8

sans AAA avec AAA

n % n % p

dyslipidemia 172 24 92 13 35 13 NSdyslipidemia

diabetes

172

78

24,92

11,30

13

7

35,13

18,91

NS

NS

hypertension

smoking

188

156

27,24

21,73

17

13

45,94

35,13

< 0,05

< 0,06

Vasquez C, Sakalihasan N, Harcour JB, Limet R, Ann Vasc Surg 1998



Extending abdominal aortic aneurysm detection to older age groups (65-
85 years): preliminary results from the Liège screening program.y ) p y g g p g

Georgios Makrygiannis, Philippe Labalue, Marie Erpicum, Martin Schlitz, Laurence
Seidel, Mounia El Hachemi, Marjorie Gangolf, Adelin Albert, Jean-Olivier Defraigne, Jesj g g
S. Lindholt, and Natzi Sakalihasan

Annals of Vascular Surgery; in press 

Impossible d'afficher l'image.  
Votre ordinateur manque peut-
être de mémoire pour ouvrir l'i

Impossible d'afficher l'image.  
Votre ordinateur manque peut-
être de mémoire pour ouvrir l'i



Current guidelines on AAA screening propose either 1 time screening in menCurrent guidelines on AAA screening propose either 1-time screening in men
at the age of 65 or 1-time screening in men ever smokers aged 65 to 75.



1985:71,13

Life expectancy in Belgium, 2013
Age (years) Men Women TotalAge (years) Men Women Total
At birth 77,93 82,91 80,46
50 29,99 34,27 32,20
65 17,61 21,07 19,46
70 14,01 16,97 15,64
75 10,72 13,08 12,08
80 7,79 9,51 8,84



Extending abdominal aortic aneurysm detection to older age groups (65-
85 years): preliminary results from the Liège screening program.y ) p y g g p g

Georgios Makrygiannis, Philippe Labalue, Marie Erpicum, Martin Schlitz, Laurence
Seidel, Mounia El Hachemi, Marjorie Gangolf, Adelin Albert, Jean-Olivier Defraigne, Jesj g g
S. Lindholt, and Natzi Sakalihasan

Annals of Vascular Surgery; in press 
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Votre ordinateur manque peut-
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Impossible d'afficher l'image.  
Votre ordinateur manque peut-
être de mémoire pour ouvrir l'i



Liege AAA population Based StudyLiege AAA population Based Study 
(Chaudfontaine district)

3054 invitation

1204 Female >  74 -85 1850 Male >65 - 85  

Recruited May- November
379 (32%)

5 (1,3%) AAA

722 (39 %) 

35  (4,8 %) AAA

Recruited, May- November
2014

Age 65-74  (400) Age 75-85 ( 322)

11 (2,75%)  AAA 24  (7,5 %)  AAA

40  (3,6%) AAA

!!! 12 deaths. ( 1  AAA related )





Prevalence of AAA in Belgium

Prevalence 
programme

65‐74 75‐84 65‐84

B l i  ( 8 )* 8 8 68Belgium (10.839.905)* 430.178 284.590 714.768

Prevalence % 2,8 % 7,5 %

Total New AAA 12.044 21.344 33.388

* Inhabitants in Belgium for the year 2010



Prevalence  of  AAA  in  men  reported  screening  studies
in  the  population  with  hypertension,  coronary  artery  disease

and  peripheral  vascular  disease



PREVALENCE OF AAA TO CORONARYPREVALENCE OF AAA TO CORONARY
OR PERIPHERAL DISEASESOR PERIPHERAL DISEASESOR PERIPHERAL DISEASESOR PERIPHERAL DISEASES
IN PATIENTS IN PATIENTS ≥ 60 YEARS≥ 60 YEARS

coronary arterycoronary artery peripheral vascularperipheral vascular

nn AAAAAA %% nn AAAAAA %%

malemale 4040 66 15.015.0 2525 11 4.04.0malemale
femalefemale

4040
1717

66
11

15.015.0
5.95.9

2525
77

11
00

4.04.0
0.00.0

totaltotal 5757 77 12.312.3 3232 11 3.13.1



Durieux R, et al; Submitted EurEur J J VascVasc EndovascEndovasc SurgSurg in revision (2013)



520 patients520 patients
opérésopérés

324 réponses324 réponses

Impossible d'afficher  
l'image Votre ordinat

Impossible d'afficher  
l'image Votre ordinat

confirmationconfirmation

276 cas276 cas sanssans 39 cas39 cas avecavec276 cas 276 cas sanssans
histoire familialehistoire familiale

264 M        (276 AAA)         12 F264 M        (276 AAA)         12 F

39 cas 39 cas avecavec
histoire familialehistoire familiale

76 M           (81 AAA)            5 F76 M           (81 AAA)            5 F

sex ratio = 22:1 sex ratio = 15:1





Familial Abdominal Aortic Aneurysm

Sakalihasan N et al; Annals of Vascular Surgery (2014), doi: 10.1016/j.avsg.2013.11.005.



CALCULATION OF RELATIVE RISK OF CALCULATION OF RELATIVE RISK OF 
AAA AMONG BROTHERSAAA AMONG BROTHERS

meanmeanmeanmean

relative riskrelative risk 17.917.9

(95% confidence interval)(95% confidence interval) (12.8 (12.8 -- 22.9)22.9)( )( ) (( ))



Liège AAA Family Study
618 Unrelated AAA patients

US Screening Study
(Group II)

322 AAA Probands

Interview Study
(Group I)

Family history interview

296 AAA Probands

Family history interview

Excluded 588 (79.0%)
No response 303 (40.7%)
Refused to participate 21 (2.8%)
Too young or living outside Belgium 264 (35.5%)

774 Living relatives
with contact information

186 Relatives ≥ 50 yo from 
144 familes screened by US

24 (12.9%) with AAA
30 Relatives with known AAA

37 (11.5%) AAA families
with ≥ 2 affecteds

42 (14.2%) AAA families
with ≥ 2 affecteds

79/618 (12 8%)79/618 (12.8%) 
AAA families

with ≥ 2 affecteds

Sakalihasan N et al; Annals of Vascular Surgery (2014), doi: 10.1016/j.avsg.2013.11.005.



Factors promoting the aortic rupture
d d f ili lgender and familial cases

Authors Authors CountryCountry BrothersBrothers SistersSisters TotalTotal

Bengtsson et al.1989Bengtsson et al.1989 SwedenSweden 30%30% 5%5% 15 %15 %

Webster et al. 1991Webster et al. 1991 USAUSA 25%25% 7%7% 8,9%8,9%

Adamson et aL 1992Adamson et aL 1992 UKUK 25%25% 11%11% 15%15%

Bengtsson et al 1992Bengtsson et al 1992 SwedenSweden 15%15%

Van der Graaf et Van der Graaf et Holland Holland 12%12% 12%12%
al.1998al.1998
Rossaak et al. 2001Rossaak et al. 2001 N. Zelland N. Zelland 8,2%8,2%

Ogata et al. 2005Ogata et al. 2005 CanadaCanada 11%11% 2,7%2,7% 5,4%5,4%
Sakalihasan et al. 2014Sakalihasan et al. 2014 BelgiumBelgium 24 %24 % 3,2 %3,2 % 9,5 %9,5 %

Sakalihasan N et al; Annals of Vascular Surgery (2014), doi: 10.1016/j.avsg.2013.11.005.



Examples of Pedigrees from the Liège AAA Family Study
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AAA is a Genetic Disease ????
•Aneurysms of the abdominal aorta. Familial and genetic aspects in three hundred thirteen pedigrees. VERLOES A, SAKALIHASAN N, KOULISCHER L, LIMET R. J
Vasc Surg, 21 (4) (1995), 646‐655.

•Genetic aspects of abdominal aortic aneurysms. VERLOES A, SAKALIHASAN N, LIMET R, KOULISCHER L. Ann NY Acad Sci, 18 (1996), 44‐55.

• Analysis of coding sequences for tissue inhibitor of metalloproteinases 1 (TIMP1) and 2 (TIMP2) in patients with aneurysms. WANG X, TROMP G, COLE CW,
VERLOES A, SAKALIHASAN N, YOON S, KUIVANIEMI H. Matrix Biol, 18 (1999), 121‐124.

•Familial abdominal aortic aneurysms : collection of 233 multiplex families. KUIVANIEMI H, SHIBAMURA H, ARTHUR C, BERGUER R, COLE W, JUVONEN T, KLINE R,
LIMET R, McKEAN G, NORRGARD O, PALS G, POWELL J, RAINIO P, SAKALIHASAN N, VAN WIJMEN‐VAN KEULEN C, VERLOES A, TROMP G. J Vasc Surg, 37(2) (2003),
340 345340‐345.

• Genome scan for familial abdominal aortic aneurysm using sex and family history as covariates suggests genetic heterogeneity and identifies linkage
chromosome. SHIBAMURA H, OLSON JM, VAN VLIJMEN‐VAN KEULEN C, BUXBAUM SG, DUDEK DM, TROMP G, OGATA T, SKUNCA M, SAKALIHASAN N, PALS G,
LIMET R, MACKEAN GL, DEFAWE O, VERLOES A, ARTHUR C, LOSSING AG, BURNETT M, SUEDA T, KUIVANIEMI H. Circulation, 109 (17) (2004), 2103‐8.

• Genetic analysis of polymorphisms in biologically relevant candidate genes in patients with abdominal aortic aneurysms OGATA T SHIBAMURA H TROMP G• Genetic analysis of polymorphisms in biologically relevant candidate genes in patients with abdominal aortic aneurysms OGATA T, SHIBAMURA H, TROMP G,
SINHA M, STAT M, GODDARD K, SAKALIHASAN N, LIMET R, McKEAN G, ARTHUR C, SUEDA T, LAND S, KUIVANIEMI H . J Vasc Surg, 41 (6) (2005), 1036‐42.

• HLA‐DQA is associated with abdominal aortic aneurysms in the Belgian population. TROMP G, OGATA T, GREGOIRE L, GODDARD K, SKUNCA M, LANCASTER W,
PARRADO A, LU Q, SHIBAMURA H, SAKALIHASAN N, LIMET R, MACKEAN G, ARTHUR C, SUEDA T, KUIVANIEMI H. Ann NY Acad Sci, 1085 (2006), 392‐5.

•Evidence for association between the HLA DQA locus and abdominal aortic aneurysms in the Belgian population: a case control study OGATA T GREGOIRE L•Evidence for association between the HLA‐DQA locus and abdominal aortic aneurysms in the Belgian population: a case control study. OGATA T, GREGOIRE L,
GODDARD K, SKUNCA M, TROMP G, LANCASTER W, PARRADO A, SHIBAMURA L, SAKALIHASAN N, LIMET R, MacKEAN G, ARTHUR C, SUEDA T, KUIVANIEMI H. BMC
Med Genet 7 (2006), 67.

•The same sequent variant on 9p21 associates with myocardial infarction, abdominal aortic aneurysm and ntracranial aneurysm. HELGADOTTIR A, THORLEIFSSON
G, MAGNUSSON KP, GRÉTARSDOTTIR S, STEINTHORSDOTTIR V, MANOLESCU A, JONES GT, RINKEL GJ, BLANKENSTEIJN JD, RONKAINEN A, JÄÄSKELÄINEN JE, KYO
Y, LENK GM, SAKALIHASAN N et al. Nat Genet, 40 (2008), 217‐24.

•Genome wide association study identifies sequence variants within the DAB2IP gene conferring susceptibility to abdominal aortic aneurysm. GRETARSDOTTIR S,
BAAS AF, THORLEIFSSON G, HOLM H, DEN HEIJER M, DE VRIES...MASSON G, SULEM P, SAEMUNDSDOTTIR J, MOUY M, MAGNUSSON KP, TROMP G, ELMORE JR,
SAKALIHASAN N, LIMET R, DEFRAIGNE JO, et al. Nat Genet, 42(8) (2010), 692‐7.

• Analysis of positional candidate genes in the AAA1 susceptibility locus for abdominal aortic aneurysms on chromosome 19. LILLVIS JH, KYO Y, TROMP G, LENK
GM, LI M, LU Q, IGO RP, SAKALIHASAN N, FERRELL RE, SCHWORER CM, GATALICA Z, LAND S, KUIVANIEMI H. BMCMed Gen, 19;12 (2011), 14.

•Family Members of Patients with Abdominal Aortic Aneurysms are at Increased Risk for Aneurysms: Analysis of 618 Probands and their Families from the Liege
AAA Family Study. SAKALIHASAN N, DEFRAIGNE JO, KERSTENNE MA, CHERAMY‐BIEN JP, TROMP G, KUIVANIEMI H. Ann Vasc Surg. Dec 20 2013), doi:
10.1016/j.avsg.2013.11.005..



There is no disease more conducive to clinical humility
than aneurysm of the aorta.

« Il n'y a pas de maladie plus favorable à l'humilité« Il n y a pas de maladie plus favorable à l humilité
clinique que l'anévrisme de l'aorte. »



Abd i l A ti AAbd i l A ti AAbdominal Aortic AneurysmAbdominal Aortic Aneurysm
RuptureRupture

•• Mortality rate for patients withMortality rate for patients with•• Mortality rate for patients with Mortality rate for patients with 
ruptured AAA is 65%−85%ruptured AAA is 65%−85%

•• Approximately half of deaths Approximately half of deaths 
attributed to rupture occur before attributed to rupture occur before pp
the patient reaches the surgical the patient reaches the surgical 
roomroom

Lederle FA, et al. N Engl J Med. 2002;346:1437‐1444 ;  Sakalihasan N, et al. Lancet. 2005;365:1577‐1589



Factors promoting the aortic rupture
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Factors promoting the aortic rupture
Aneurysm rupture occurs when the mechanical stress acting on the 
wall exceeds the strength of the wall

INFLAMMATION



Vascular wall injury and InflammatoryVascular wall injury and Inflammatory
PPProcessesProcesses

Vessel LumenVessel LumenEnvironmental factors Vessel LumenVessel Lumen
MonocyteMonocyte

AdhesionAdhesion
MoleculesMolecules

LDLLDLSmoking

Environmental factors

EndotheliumEndothelium

MoleculesMolecules

LDLLDL

Growth FactorsGrowth Factors

CytokinesCytokines LDLLDL

Growth FactorsGrowth Factors
MetalloproteinasesMetalloproteinases

MacrophageMacrophage
Modified Modified 

LDLLDL

IntimaIntimaCell ProliferationCell Proliferation
Matrix DegradationMatrix Degradation Foam CellFoam Cell

Adapted from Ross R. N Engl J Med 1999;340:115-126.
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EXTRACELLULAR MATRIX PROTEINS

TheThe rupturerupture ofof anan AAAAAA occursoccurs atat aa hothot spotspot characterizedcharacterized byby anan alteredaltered expressionexpression

ofof aa panelpanel ofof connectiveconnective tissuestissues genesgenes..



Factors promoting the aortic rupture
Inflammation and MMPs

Proteolysis of the Abdominal Aortic Aneurysm Wall and the Association with 
RuptureRupture.
Peterson E et al. Eur J  Vasc Endovasc Surg,2002;23,153‐157

Gradient of proteolytic enzymes, their inhibitors and matrix proteins expression 
in a ruptured abdominal aortic aneurysm.
Defawe OD,.., Sakalihasan N. Eur J Clin Invest. 2004 Jul;34(7):513‐4.

Matrix Metalloproteinase‐8 and ‐9 Are Increased at the Site of Abdominal Aortic 
Aneurysm Rupture.
Wilson W R W et al. Circulation 2006;113:438‐445

Elevated Plasma MMP1 and MMP9 are Associated with Abdominal Aortic 
Aneurysm Rupture. 
Wilson W R W et al. Eur J  Vasc Endovasc Surg,2008;35.580‐584



Preliminary events leading to rupture are undoubtedlyPreliminary events leading to rupture are undoubtedlyPreliminary events leading to rupture are undoubtedly Preliminary events leading to rupture are undoubtedly 
linked with an increased  metabolism of the wall cells. linked with an increased  metabolism of the wall cells. 

QuestionQuestion ::QuestionQuestion ::

IsIs thethe metabolicmetabolic increaseincrease ofof anan expandingexpanding AAAAAA and/orand/orIsIs thethe metabolicmetabolic increaseincrease ofof anan expandingexpanding AAAAAA and/orand/or
threateningthreatening rupturerupture identifiableidentifiable byby thethe PETPET‐‐scan?scan?



Positron Emission Tomography (PET)g p y ( )
with 18‐Flurodeoxyglucose (FDG)



PET‐CT & 18F‐FDG
(fluoro‐deoxy‐glucose)

Analogue of glucose labeled with the isotopeAnalogue of glucose labeled with the isotope
fluorine visible with the PETfluorine visible with the PET scan :scan :fluorine visible with the PETfluorine visible with the PET‐‐scan :scan :

1)1) allows the evaluation of the regional glucoseallows the evaluation of the regional glucose1)1) allows the evaluation of the regional glucose allows the evaluation of the regional glucose 
metabolism metabolism 

2)2) shows the presence of an  inflammatory reaction at  shows the presence of an  inflammatory reaction at  
the level of atherosclerotic tissue infiltrated by the the level of atherosclerotic tissue infiltrated by the 
macrophagesmacrophages



Patient Characteristics With Positive FDG Uptake

patientspatients last last  delay between delay between remarksremarkspp
during  during  

PETPET--ScanScan
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diagnosis and diagnosis and 

surgerysurgery
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Sakalihasan N et al, Eur J Vasc Endovasc Surg 2002Sakalihasan N et al, Eur J Vasc Endovasc Surg 2002



Functional imaging and inflammatory cellsFunctional imaging and inflammatory cellsFunctional  imaging and  inflammatory cellsFunctional  imaging and  inflammatory cells

Defawe OD,..  Sakalihasan N. Clin Nucl Med 2005 May;30(5):340Defawe OD,..  Sakalihasan N. Clin Nucl Med 2005 May;30(5):340‐‐11



Conclusion: High 18F-FDG Uptake in aneurysmal wall is associated with cellularConclusion: High 18F-FDG Uptake  in aneurysmal wall is associated with cellular 
and molecular alterations and rupture.



ADVENTITIA
PET 0 PET +

‐ site + site
MMP1 1 3§ 8*MMP1 1 3§ 8*
MMP2 1
MMP3 1 3
MMP9 1
MMP12 nd nd nd
MMP13 nd 1 8 * #

MMP14 1 2 ** #

MMP15 1
TIMP1 1
TIMP2 1TIMP2 1
RECK 1
PAI1 1 2 2 *
TIMP3 1
uPA 1 2 2.6 * #

EMMPRI
N 1 0.8 #

COL1A1 1 5 ** #

ELN 1
MCP1 1
IL1α 1 0.8 #

IL6 1 4 2
IL8 1 4

COX2 1COX2 1
TNFα 1 0.6* 0.5 *
TGFα 1 0.8 * 0.7 *
HIF1α 1 2 2 *
CD31 1 0.7 * 

Audrey Courtois et al. J Nucl Med 2013;54:1740-1747 (c) Copyright 2014 SNMMI; all rights reserved

VEGF 1 0.6* #

TSP1 1
αSMA 1





Eur Radiol. 2015 Sep 22. 
Multimodality imaging assessment of the deleterious role of the intraluminal   thrombus on the growth of abdominal aortic aneurysm in a rat 
model

Alain Nchimi, Audrey Courtois, Mounia El Hachem, Ziad Touat, Pierre Drion, Nadia Withofs, Geoff Warnock, Mohamed-Ali Bahri, Jean-Michel Dogné, Jean-
Paul Cheramy-Bien, Laurent Schoysman, Julien Joskin, Jean-Baptiste Michel, Jean-Olivier Defraigne Alain Plenevaux, Natzi Sakalihasan 

MRICT PETPET‐‐CT CT 





566  PET566  PET‐‐CT / 301  patients (273 male)CT / 301  patients (273 male)/ p ( )/ p ( )
(2008 (2008 ‐‐ 2012)2012)

301 AAA
105 (+) PET
196  (‐) PET

185 op
133  OR ‐ 52 EVAR

116 non op

7 rAAA*
20 died

Unrelated AAA

*All patients  with (+) PET  (3 AAA < 55 mm)



Distribution of FDG uptakeDistribution of FDG uptake
di t i iti l Ødi t i iti l Øaccording to initial Øaccording to initial Ø

(preliminary reports)(preliminary reports)(p y p )(p y p )

InitialInitial 
Diameter  at 
PET‐CT

FDG Uptake
( + )

FDG Uptake
( ‐ )

Non ‐ Operated Ruptured

< 55 mm
(n:201) 66 135 99 3

≥ 55 mm≥ 55 mm
(n:100) 39 61 11 4

Total 105 196 110 7



FDG uptake at the different level of the AAA wallFDG uptake at the different level of the AAA wallFDG uptake at the different level  of the  AAA wallFDG uptake at the different level  of the  AAA wall



Distribution of FDG uptake according Distribution of FDG uptake according 
to initial Ø to initial Ø (preliminary reports)(preliminary reports)
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Site of abdominal aortic aneurysm rupture and   High 18FSite of abdominal aortic aneurysm rupture and   High 18F--FDG uptake FDG uptake 



Rapid Growth and High FDG Uptake Rapid Growth and High FDG Uptake 
with symptomatic  small  AAAwith symptomatic  small  AAA



Outcome of the patient  with large  AAAOutcome of the patient  with large  AAA
( ( -- ) FDG uptake) FDG uptake

2009 2010

2011

Male,74 years old



Outcome of the patient with  symptomatic  AAAOutcome of the patient with  symptomatic  AAA
With ( + ) FDG uptakeWith ( + ) FDG uptakeWith ( + ) FDG uptakeWith ( + ) FDG uptake

Male, 83 years 



Site of abdominal aortic aneurysm rupture Site of abdominal aortic aneurysm rupture 
and High 18Fand High 18F‐‐FDG uptake FDG uptake 



Factors promoting the aortic rupture
Aneurysm rupture occurs when the mechanical stress acting on the 
wall exceeds the strength of the wallg
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Descriptive statistics of 315 nuclear families with respect to their 
family history sex and positionfamily history, sex, and position 

Verloes P, Sakalihasan N, Koulischer L, Limet R.  J Vasc Surg 1995



Liège AAA Family Study
618 Unrelated AAA patients

US Screening Study
(Group II)

322 AAA Probands

Interview Study
(Group I)

Family history interview

296 AAA Probands

Family history interview

Excluded 588 (79.0%)
No response 303 (40.7%)
Refused to participate 21 (2.8%)
Too young or living outside Belgium 264 (35.5%)

774 Living relatives
with contact information

186 Relatives ≥ 50 yo from 
144 familes screened by US

24 (12.9%) with AAA
30 Relatives with known AAA

37 (11.5%) AAA families
with ≥ 2 affecteds

42 (14.2%) AAA families
with ≥ 2 affecteds

79/618 (12 8%)79/618 (12.8%) 
AAA families

with ≥ 2 affecteds

Sakalihasan N et al; Annals of Vascular Surgery (2014), doi: 10.1016/j.avsg.2013.11.005.



Factors promoting the aortic ruptureFactors promoting the aortic rupture
(Single center (CHU) experiences)

t t l f ili l ditotal      familial         sporadic

incidence of rupture       14,6%         32% 8.7% p < 0.0001*
(313 probands,1995)( p , )

incidence of rupture  5,9%            8% 2.4% p < 0.0001**
( 618 probands,2014)

* Verloes P, Sakalihasan N, Koulischer L, Limet R.  J Vasc Surg 1995
** Sakalihasan N et al; Annals of Vascular Surgery (2014), doi: 10.1016/j.avsg.2013.11.005.



Incidence of rupture in Familial and 
Non‐Familial AAA GroupsNon‐Familial AAA Groups 

Group n Probands n AAA N rupture ( %)

FAAA Group 79 188 15 (8%) *FAAA Group 79 188 15   (8%) *

Sporadic Group 539 539 13  (2,4%)

Total 618 727 28  (5,9%)

* P <0.0001

Sakalihasan N et al; Annals of Vascular Surgery (2014), doi: 10.1016/j.avsg.2013.11.005.





Factors promoting the aortic rupture
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Factors promoting the aortic rupture
gender &  smoking

Meta‐analysis of individual patient data to examine factors affecting growth and rupture of small 
abdominal aortic aneurysms

g g

British Journal of Surgery;Volume 99, Issue 5, pages 655‐665, 5 MAR 2012 DOI: 10.1002/bjs.8707

Sweeting MJ, Thompson SG, Brown LC, Powell J;RESCAN collaborators



Factors promoting the aortic rupture
gender

Figure 6   Mass fractions of elastin and collagen within the thrombus‐covered intima‐media composite for male and female patients. Significant 
differences are noted for the dry weight percentages of both elastin and collagen between male and female.

J. Tong , A.J. Schriefl , T. Cohnert , G.A. HolzapfelJ.  Tong , A.J.  Schriefl , T.  Cohnert , G.A.  Holzapfel

Gender Differences in Biomechanical Properties, Thrombus Age, Mass Fraction and Clinical Factors of Abdominal Aortic Aneurysms

European Journal of Vascular and Endovascular Surgery Volume 45, Issue 4 2013 364 ‐ 372
http://dx.doi.org/10.1016/j.ejvs.2013.01.003



Factors promoting the aortic rupture
dgender



MODIFICATIONS OF THE EXTRACELLULAR MATRIX OF ANEURYSMALMODIFICATIONS OF THE EXTRACELLULAR MATRIX OF ANEURYSMALMODIFICATIONS OF THE EXTRACELLULAR MATRIX OF ANEURYSMAL MODIFICATIONS OF THE EXTRACELLULAR MATRIX OF ANEURYSMAL 
ABDOMINAL AORTAS AS A FUNCTION OF THEIR SIZEABDOMINAL AORTAS AS A FUNCTION OF THEIR SIZE
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Sakalihasan et al, Eur J Vasc Surg Sakalihasan et al, Eur J Vasc Surg 19931993;;77::633633‐‐637637



RUPTURE INDICATOR STUDY
(CHU Liège & Imperial College London)

SakalihasanSakalihasan N et al, N et al, EurEur J J VascVasc EndovascEndovasc SurgSurg 20022002

SakalihasanSakalihasan N et al, Sem N et al, Sem VascVasc SurgSurg 2004 2004 

DefaweDefawe OD,.. OD,.. SakalihasanSakalihasan N, Clin N, Clin NuclNucl Med 2005Med 2005
Xu Y,. Sakalihasan N  Eur J Vasc Endovasc Surg 2010.





Hypothetical MechanismHypothetical Mechanism
of AAA Stabilisationof AAA Stabilisationof AAA Stabilisationof AAA Stabilisation
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Past and future of Endovascular Past and future of Endovascular 
aneurysm repairaneurysm repairaneurysm repairaneurysm repair

&&
(the role of PET/CT)(the role of PET/CT)(the role of  PET/CT) (the role of  PET/CT) 

??
Sakalihasan Natzi Sakalihasan Natzi MD,PhDMD,PhD

DepartmentDepartment of of CardiovascularCardiovascular and and ThoracicThoracic SurgerySurgery
i ii i h i lh i l f ièf ièUniversityUniversity hospitalhospital of Liège,of Liège,

Experimental Research Center of the Cardiovascular Surgery Department, GIGAExperimental Research Center of the Cardiovascular Surgery Department, GIGA--
Cardiovascular Science Unit, University of Liège, Cardiovascular Science Unit, University of Liège, 

LièLiè BELGIUMBELGIUMLiège, Liège, BELGIUMBELGIUM
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SURGICAL TREATMENT OF AAASURGICAL TREATMENT OF AAASURGICAL TREATMENT OF AAASURGICAL TREATMENT OF AAA



SURGICAL TREATMENT OF AAASURGICAL TREATMENT OF AAASURGICAL TREATMENT OF AAASURGICAL TREATMENT OF AAA





Parodi Palmaz 1989Parodi Palmaz 1989



Aorto-Uni-Iliac EVAR 1991Aorto Uni Iliac EVAR 1991



EVAR of AAAEVAR of AAA



Stent graft families





A chimney graft

Buck, D. B. et al. (2013) Endovascular treatment of abdominal aortic aneurysms
Nat. Rev. Cardiol. doi:10.1038/nrcardio.2013.196





A fenestrated stent graft

Buck, D. B. et al. (2013) Endovascular treatment of abdominal aortic aneurysms
Nat. Rev. Cardiol. doi:10.1038/nrcardio.2013.196





Endovascular aneurysm repair strategies that enable the revascularization of up to four 
aortic side branches

Buck, D. B. et al. (2013) Endovascular treatment of abdominal aortic aneurysms
Nat. Rev. Cardiol. doi:10.1038/nrcardio.2013.196



An off‐the‐shelf branched stent graft

Buck, D. B. et al. (2013) Endovascular treatment of abdominal aortic aneurysms
Nat. Rev. Cardiol. doi:10.1038/nrcardio.2013.196



The multilayer stent graft

Buck, D. B. et al. (2013) Endovascular treatment of abdominal aortic aneurysms
Nat. Rev. Cardiol. doi:10.1038/nrcardio.2013.196



The endoanchor system, which can be used for transmural fixation of an aortic stent 
graft to the aortic wall at its landing zones

Buck, D. B. et al. (2013) Endovascular treatment of abdominal aortic aneurysms
Nat. Rev. Cardiol. doi:10.1038/nrcardio.2013.196



The sac-anchoring system, consisting of two femorally inserted stent grafts with 
polymer-filled endobags on the outside of the stent

Buck, D. B. et al. (2013) Endovascular treatment of abdominal aortic aneurysms
Nat. Rev. Cardiol. doi:10.1038/nrcardio.2013.196



First IndicationsFirst Indications
High Risk Patients: ASA III, IV
Hostile AbdomenHostile Abdomen



EVAR for ruptured AAAEVAR for ruptured AAA 

Emergency endovascular repair of leaking aortic 
aneurysm
S.W. Yusuf et al; Lancet 1994;344:1645 

Endovascular graft repair of ruptured aortoiliac g p p
aneurysms.
Ohki, FJ Veith  et al; J Am Coll Surg 1999;189:102 , ; g ;



OutcomeOutcome of AAA of AAA afterafter EVAREVAR

Despite decreasing parietal pressure ruptureDespite decreasing parietal pressure ruptureDespite decreasing parietal pressure, rupture Despite decreasing parietal pressure, rupture 
occures in some AAA after EVAR. Which occures in some AAA after EVAR. Which 
one?one?one?one?

Potential issues of endovascular aneurysm repair y p

Sakalihasan N, Limet R, Defawe O. Abdominal aortic aneurysms, Lancet 2005



CURRENT TREATMENT OF AAACURRENT TREATMENT OF AAACURRENT TREATMENT OF AAACURRENT TREATMENT OF AAA

1) Open Surgery ; Since 1952
Dubost ; Schaffer

Goal : To prevention of AAA ruptureGoal : To prevention of AAA rupture

2) Endovascular repair ; since 1991 
Volodov & Parodi

Goal : To prevention of rupture by regression of AAA



EVAR  &  AAAEVAR  &  AAA





Surgical Treatment of Abdominal 
Aortic Aneurysm

O S i l T t t E d l R i

Is endovascular repair preferable to open repair?

• Advantages • Advantages

Open Surgical Treatment Endovascular Repairvs

Advantages
– Used for >50 yrs
– Rate of failure 0.3%

• Disadvantages

Advantages
– Reduced rates of operative 
morbidity and mortality

– Shorter initial hospital stay• Disadvantages
– High rate of complications
– Long recovery

p y
– Shorter recovery time

• Disadvantages
– Rupture of AAARupture of AAA
– Late complications?
– Cost

Lederle FA. N Engl J Med. 2004;351:1677‐1679; Sakalihasan N, et al. Lancet. 2005;365:1577‐1589.



Proposed Management 
f A t tiof an Asymptomatic 

Abdominal Aortic Aneurysm
Asymptomatic Abdominal Aortic Aneurysm

<4.5 cm 4.5–5.0 cm 5.0–5.5 cm >5.5 cm

Follow‐up
Ultrasonography 
every 6 months

Follow‐up
Ultrasonography 
every 3 months or 
6 th

Follow‐up
Ultrasonography 
every 3 months 

6 th

Surgery
Open or 
endovascular
R i if

Surgery
Open or 
endovascular

6 months or 6 monthsRepair if:
• Female patients
• Familial cases
• “Proved rapid growthProved rapid growth
• Positive PET scan
• High serum markers

(such as MMP‐9)

Sakalihasan N, et al. Lancet. 2005;365:1577‐1589.



Known part of AAA

What are we knowing about 
abdominal aortic aneurysm (AAA) 

??

We are at the end of the beginning in understanding AAA physioWe are at the end of the beginning in understanding AAA physio‐‐
pathology…pathology…

Unknown part of AAA





Treatment of Gastric Ulcus Treatment of Gastric Ulcus 

Paradigm for treatment of  AAA ?Paradigm for treatment of  AAA ?

19001900 1988198819771977 2000200019001900 19881988

HH22 blockersblockers

19771977 20002000

antiacydesantiacydes antibioticsantibioticsproton pump inhibitorsproton pump inhibitors

MEDICALMEDICALMEDICALMEDICAL

SurgerySurgery
Billroth I, II ; vagotomieBillroth I, II ; vagotomie



Programme de dépistage régionalProgramme de dépistage régionalProgramme de dépistage régionalProgramme de dépistage régional

000 0 %  %  

Rupture de lRupture de l’’Aneurysme de lAneurysme de l’’Aorte AbdominaleAorte AbdominaleRupture de lRupture de l Aneurysme de lAneurysme de l Aorte AbdominaleAorte Abdominale



Conclusion:

AAA est un tueur caché et silencieux



félicitations et je vous souhaite lafélicitations et je vous souhaite la 
bienvenue parmi nous.


