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ABBREVIATIONS
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FMUP – Faculdade de Medicina da Universidade do Porto / 
Faculty of Medicine of the University of Porto

HU – Hounsfield Units

iAAA – Intact abdominal aortic aneurysm

ICC – Intraclass correlation coefficient

ICD-CM 9/10 – International Classification of Diseases – 
Clinical Modification 9/10
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MCP-1 – Monocyte chemoattractant protein-1 

MDCT – Multidetector computed tomography

MMPs – Matrix metalloproteinases

MS – Mass spectrometry

NF-κB – Factor nuclear factor kappa B

NHS – National Health Service 

NMR – Nuclear magnetic resonance
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OS – Open surgery

OSR – Open surgical repair

PAD – peripheral artery disease

PAI-1 – Plasminogen activator inhibitor-1

PAOD – Peripheral aortic occlusive disease

PPAR-g – Peroxisome proliferator-activated receptor g

PVAT – Perivascular adipose tissue

rAAA – Ruptured abdominal aortic aneurysm

RCTs – Randomized control trials
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SD – Standard deviation

SMCs – Smooth muscle cells
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Introduction: Abdominal aortic aneurysm is a chronic condition that leads to aortic dilatation and rupture, a potentially 
lethal event. This disease has experienced an epidemiological transition in Western countries. Although the prevalence and 
mortality increased throughout the 20th century, it seems now in decline, even if this has not been synchronized among all 
countries neither between gender or age groups. The decline has been related to better control of the cardiovascular risk 
factors such as decreased smoking habits and more widespread use of cardioprotective drugs. The effect of improvements 
in AAA treatment as the introduction of EVAR on such decrease in mortality remains under debate. Unfortunately, while 
considerable achievements have been made in the devices field, with new and improved endografts dedicated to end-stage 
repair of AAAs, less effort seems to be invested in stopping or declining the progression of AAA. A deeper view to the pa-
thophysiology of AAA may offer the possibility to re-think the disease itself, its biologic players and offer better therapies. 

Aims: The two major aims of this thesis are: (a) To assess the trends in iAAA and rAAA rates of admission, repair and 
mortality in Portugal (Part I); (b) To explore the roles of AAC and aortic PVAT in AAA pathophysiology (Part II).

Methods: To accomplish the first aim, we resorted to the retrospective national administrative hospital database that 
contains a registration of all hospitalizations (consecutive case entry) occurring in public hospitals in mainland Portugal and 
to the causes of death database provided by INE. For the second aim, we used a CT-based approach to study the AAC 
(single-center retrospective study) and PVAT (multicenter case-control study) in patients with AAA. For PVAT, measures 
were compared to PAOD patients and normal controls. Human aortic PVAT and SAT were further collected during open 
surgery from patients suffering from AAA, PAOD and from post-mortem renal transplantation donors (controls). SAT and 
PVAT from AAA were used for ex vivo culture with SMC retrieved from non-pathologic aortas.

Results: As to the epidemiologic assessment, the rate of iAAA repair continues to grow, especially in patients ≥ 75 years 
old, even if the absolute numbers still lag behind those described in other European countries. A reduction in global and 
EVAR operative mortality was achieved, but mortality after OSR increased in the recent years. Differently from iAAA, 
admission due to rAAA reached a peak and have been recently decreasing. The global rAAA incidence, including cases that 
presented to the hospital and those that died before, has recently reached a plateau. This plateau corresponded to a paral-
lel increase in deaths outside the hospital, decrease in patient turndown rate and stable global operative mortality in recent 
years. In our department a gradual increase in EVAR adoption occurred along with decreased in AAA repair mortality.

As to the second aim, in patients with iAAA, we found that the amount of AAC measured by the CT-based method 
ACI had a high correlation to that measured using the AS, was the most reproducible and was more often associated to 
demographic and clinical variables in the dataset that were associated with the AS. The main finding of our multicenter 
case-control image study about PVAT is that AAA patients had a higher PVAT density around the aneurysm sac than the 
healthy neck. This presented a positive correlation with aortic dimensions, after adjustment for other fat compartments, 
body mass index, sex, and age. Furthermore, PVAT of AAA patients has smaller adipocytes with higher interstitial fibrosis, 
presents with higher inflammation and increased extracellular matrix degradation. Adipose tissue of patients suffering from 
AAA was able to induce inflammation in healthy SMC. 

Conclusion: (Part I) Our nationwide analysis is consistent with a middle stage in the AAA epidemiologic transition, mea-
ning that a decline in overall iAAA admissions and iAAA repairs might be expected in upcoming years. Operative mortality 
after OSR both for iAAA and rAAA remains a concern, as well as deaths from rAAA outside the hospital. (Part 2) We 
propose that PVAT plays an important role in the onset and progression of AAA and underlying pathways through PVAT 
might be a novel promising therapeutic target in both prevention and conservative treatment of AAA.
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Definition

Aneurysm is a dilatation or widening of an artery, most commonly being fusiform in shape. This pathological dilation, 
should the patient live long enough, leads to rupture of the aorta, a potentially lethal event. The most widespread defini-
tion of AAA is based on the diameter of the abdominal aorta: an abdominal aortic diameter of 3.0 cm or more in either 
anteroposterior or transverse planes, which usually is more than 2 standard deviations above the mean diameter for 
men, is considered to be aneurysmal (1, 2). It can also be defined when the maximum diameter is ≥50% greater than the 
suprarenal diameter (1).

Unless an aneurysm is ≥5cm in women or ≥5.5cm in men upon diagnosis, current guidelines (1) do not recommend sur-
gery given the lack of benefit against the risk of rupture, that is considered to be low in those cases. A lower threshold 
might be more appropriate in women and some Asian populations. Patients with symptomatic aneurysms and whose 
aneurysms increase in diameter by 1 cm or greater within one year should also undergo repair, regardless of aneurysm 
diameter (1).

Risk factors

Risk factors for AAA include the usual occlusive atherothrombosis risk factors such as male sex, ageing, smoking and 
dyslipidemia, but not diabetes mellitus (3-7). The presence of AAA in a patient is a marker of atherothrombotic disease 
elsewhere (8), and aortic diameter a predictor of all-cause and cardiovascular mortality (9).

The prevalence of AAA increases with advancing age by 2% to 4% per decade (10, 11). Smoking is the major AAA risk 
factor (12-14). The prevalence of AAA in tobacco smokers is more than four times that in life-long nonsmokers (12). A 
systematic review of 10 studies revealed that the relative risk associated with smoking was three-fold greater than the risk 
for developing coronary artery disease and nearly five-fold greater than the risk for cerebrovascular disease (15). Among 
lipid markers, low high-density lipoprotein level is the most sensitive predictor of AAA (16). This finding has been related 
not only to the impact of hypercholesterolemia on the initial step of atheroma in the aorta, but also to the low levels of 
α1-antitrypsin conveyed by high-density lipoprotein in human AAA (17). 

The familial clustering of AAA has drawn attention to non-environmental risk factors for the disorder. Genetic determi-
nants of susceptibility to AAA have been approached through investigation of familial aggregation of the disease, and more 
recently by genome-wide association studies in populations. A study based on the Swedish twin register showed that con-
cordant pairs of AAA were higher in monozygotic compared with dizygotic twins, indicating genetic effects. The monozy-
gotic twin of an AAA patient had a AAA risk that was 71 times that of the monozygotic twin of an unaffected person (18). 
Genome-wide association studies have been able to identify additional AAA risk loci. These include: the sequence variant 
rs10757278-G on 9p21 (OR of 1.31), adjacent to the genes CDKN2A/CDKN2B, which are important regulators of cell 
growth and survival (19); the A allele of rs7025486 on 9q33 (OR of 1.21), located within the DAB2IP gene that encodes 
an inhibitor of cell growth and survival (20). More recently, through a meta-analysis of 6 genome-wide association study 
data sets and a validation study totaling 10 204 cases and 107 766 controls, 4 new AAA risk loci were identified: 1q32.3 
(SMYD2), 13q12.11 (LINC00540), 20q13.12 (near PCIF1/MMP9/ZNF335), and 21q22.2 (ERG). Network analyses identi-
fied ERG, IL6R, and LDLR as modifiers of MMP9, with a direct interaction between ERG and MMP9 (21).

Acquired and morphologic factors positively associated with AAA expansion include: smoking (22), large baseline AAA 
diameter and large AAA thrombus load, and possibly male gender and age (23), but not hypertension (24) or COPD(25) 
despite their association with AAA presence. Factors that have been negatively associated with AAA expansion include 
diabetes mellitus (26-28), and possibly peripheral artery disease (29, 30), aortic calcification (31, 32) and coronary artery 
disease (33). 

Aneurysm diameter and rapid AAA expansion is the most prominent predisposing factor for rupture (34). The UK Small 
Aneurysm Trial (35) found that the risk of rupture was independently associated with female sex (females had a threefold 
increase in rupture risk compared with males), larger initial AAA diameter, smoking, lower forced expiratory volume 
during the first second, and higher mean blood pressure. Risk of rupture was not independently associated with age, BMI, 
serum cholesterol, or the ankle/brachial index.

Epidemiology

AAA prevalence is routinely reported in articles to emphasize the importance and express the burden of the disease. 
However, the epidemiology of AAA is changing, and although AAA prevalence and mortality increased throughout the 
20th century, it seems now on the decline (36-42).  In a systematic review, the prevalence of AAA was reported to be in a 
range from 1.7% to 12.7% (43). Although the lowest incidence identified was 1.7% in 65-year-old men from the aneurysm 
screening program, 0.5% of men were known to have an AAA and therefore were not invited to screening, resulting in a 
prevalence of 2.2% in the population (44).
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Population-based mortality from rAAA was calculated in another systematic review that included 24 retrospective cohort 
studies, published between 1977 and 2012 (45). The estimated pooled total mortality rate was 81% (95% CI of 78-83). As 
expected by the assumption of an epidemiologic transition in AAA, a decline in mortality was observed over time, being 
86% (95% CI 83-89%) before 1990, compared with 74% (95% CI 72-77%) since 1990. 

When we consider only the cases that were submitted to repair, both elective and emergent repair must be considered. 
VASCUNET is an international collaboration of registries, consisting of national (Australia, Denmark, Hungary, Iceland, 
New Zealand, Norway, Sweden, Switzerland, UK), regional (Finland), and multicenter (Germany) databases. In a VAS-
CUNET report, data were analyzed overall and per treatment modality to address peri-operative mortality as a primary 
outcome. The overall peri-operative mortality for rAAA repair was 28.8% (95% CI 27.9-29.8), being 32.1% (31.0-33.2) 
for open aortic repair and 17.9% (16.3-19.6) for EVAR (46). Peri-operative mortality of elective repair fell from 3.0% in 
2005-2009 to 2.4% in 2010-2013. Mortality for EVAR decreased from 1.5% to 1.1%, but the outcome worsened for open 
repair from 3.9% to 4.4% (47). 

National assessment

It seems clear that a reliable national assessment of incidence/prevalence, admission and mortality associated to iAAA and 
rAAA might give insight into the expected health care costs associated with the treatment of this disease.

The assessment of the incidence/prevalence of iAAA in the population must resort to screening. To study admissions and 
repairs due to iAAA or rAAA, retrospective administrative hospital databases or prospective AAA registries are often 
used. Finally, evaluation of mortality due to rAAA that occurs outside the hospital relies on the cause of death databases, 
its accuracy depending on the autopsy rate. When we started this thesis, a national prospective AAA registry was not 
available, and a formal screening had never been implemented in Portugal.

The retrospective administrative hospital database available for this purpose is the NHS administrative database, the hos-
pital morbidity database, formerly designated as DRGs database. This database was provided by the ACSS and contains a 
registration of all hospitalizations (consecutive case entry) occurring in public hospitals in mainland Portugal, where most 
of iAAA repairs are performed. The main diagnosis was used for cases’ selection. Like any patient classification system, 
DRG require the collection of a minimum set of data, and the main diagnosis (which, after study of the patient, was found 
to be responsible for admission to the hospital), the diagnosis (all other diagnoses associated with the patient’s clinical 
condition, which may lead to complications or comorbidities), the procedures performed, the patient’s age and gender, the 
destination after discharge (transferred, out of medical opinion, deceased) and birth weight (for newborns).

The Portuguese health system is characterized by three co-existing and overlapping systems: the NHS; special public 
and private insurance systems for certain professions or companies (health subsystems); and private voluntary health 
insurance. All residents in Portugal have access to health care provided by the NHS, mainly financed through taxation. 
Public hospitals are funded through global budgets, but with an increasing role of DRGs, and private insurers and health 
subsystems providers. Private health care providers mainly fulfil a supplementary role to the NHS rather than providing a 
global alternative to it. Currently, the private sector mainly provides diagnostic, therapeutic and dental services, as well as 
some ambulatory consultations, rehabilitation and hospitalization (48). 

Each registered hospital episode includes information about diagnoses and medical or surgical procedures, both coded 
using the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) and International Clas-
sification of Diseases, Ninth Revision, Procedure Coding System (ICD-9-PCS). Internal audits are performed by auditing 
doctors that are part of the coding services that exist at each institution. External audits are performed by the ACSS to 
verify the accuracy of the clinical coding performed at NHS hospitals. The episode presents no disconformity when it res-
pects ICD-9, Coding Clinic and National Consensus. The report that compared the public hospitals was in 2010 when a 
total of 4,510 episodes were audited in 44 hospital institutions. The results indicate that nonconformities among diagnoses, 
procedures and other administrative and demographic variables in general did not affect the respective DRGs grouping 
(nonconformities mean: 13.7%, 26.5% maximum, 2.1% minimum) (49).

INE has provided information on mortality by causes of death since 1969. This information has changed over time. It 
started in paper, with the entries of deaths sent to INE by the Civil Registry. In 2006, a significant part of the information 
about deaths, has already been sent to INE electronically, culminating in 2007 with total dematerialization of the informa-
tion. Since 2007, the information on deaths from causes of death, collected by the Conservatories and registered at the 
Civil Registration and Identification Integrated System is sent to INE by the Institute of Technologies from the Ministry of 
Justice, by electronic file, under the collaboration protocol signed between INE and the referred institute.

The death database sent to INE is shared by two statistical operations:
a.	 Death Statistics - area of demographics 
b.	 Causes of death - area of health

Death data sent to INE is based on the transcript of the death certificate by the Conservatories. It is received and validated 
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at INE by the area of ​​demography. It is subsequently made available to the DGS as an online program with a restricted 
number of variables about death/causes of death, and currently this entity codifies the causes of death according to the 
International Classification of Diseases (ICD 10) of the World Health Organization (50). Completeness of statistics on 
cause of death in Portugal, that is number of deaths for which cause of death is registered to the civil registration system,  
is fairly good as among the member states of the World Health Organization, Portugal was among the 42% of the WHO 
member states that provided data completeness of 70% to 100% (51).

“A silently ticking time bomb” 

In perspective, if a 50-years-old individual is diagnosed with an aneurysm less than 5.5 cm, all he can do is wait and comply 
with a surveillance program. However, he also has to live with the fact that a ruptured AAA is a surgical emergency with 
high mortality rates if not managed immediately. Although surgical repair is recommended for aneurysms ≥ 5cm in women 
or ≥ 5.5cm in men, almost 6% of all ruptured AAAs are < 55 mm in diameter, and hence a detailed examination of the 
aneurysm morphology is crucial for risk prediction (52). 

While considerable achievements have been made in the field of the endografts, with new and targeted devices dedicated 
to end-stage repair AAAs, less effort seems to be invested in stopping or declining the progression of the AAA. A deeper 
view in the pathophysiology of AAA may offer the possibility to re-think the disease itself, its biologic players and offer 
better therapies for AAA. To slow the AAA progression might lead not only to avoidance of a surgical correction, but 
also make it more successful.

A defective medial layer

Several etiologies might cause abdominal aortic aneurysmal dilatation, but few AAA are the direct consequence of specific 
causes. These include trauma, acute infection (brucellosis, salmonellosis), chronic infection (tuberculosis), inflammatory 
diseases (Behçet and Takayasu disease) (53, 54) and connective tissue disorders (Marfan Syndrome, Ehlers-Danlos type 
IV) (55). Therefore, most AAA are non-specific degenerative or atherosclerotic, the former term being preferred by most 
authors to avoid the unproven causative relationship between aneurysms and typical atherosclerosis (56, 57). Since not all 
patients with atherosclerosis develop an AAA, different local responses to atherosclerosis in the abdominal aorta in hu-
man beings may play a role.  

The different etiologies share a common histopathological aspect characterized by thinning of the media, fragmentation 
of the elastic fibers and decreased concentration of elastin (58-60) (Figure 1). Differently, plaque deposits without media 
thinning, without loss of elastic lamellae, and without artery wall dilation may predispose the aorta, in the event of conti-
nuing plaque accumulation, to the development of lumen stenosis (56). Classically, the occurrence of aortic aneurysm is 
associated with alterations of the connective tissue in the aortic wall. Elastin and associated proteins form a network of 
elastic fibers responsible for the viscoelastic properties. The loss of elastic fibers seems to be an early step in aneurysm 
formation (61).

Collagen is also a significant component of the media and the surrounding fibrous adventitia, providing tensile strength 
and help maintaining the structural integrity of the vascular wall. The contribution of the collagen to the resistance of the 
aorta is emphasized in the absence of medial elastin. Increased collagen turnover has been reported in AAA (62, 63),  and 
collagen degradation is taken as the ultimate cause of rupture (61).

The impact of the rigidity of the aortic wall in AAA progression is suggested by the negative association between AAC 
and AAA progression. Calcium plaque density was considerably higher both in the supra and infrarenal segments in the 
non-aneurysmatic group, whereas in the infrarenal segments in aneurysmatic aortas they were thinner and smaller than 
in normal-sized (31). Moreover, the mean annual growth rate was significantly lower in men with higher US-assessed AAC, 
even after multivariate linear regression analysis adjusting for age, smoking and aspirin use (32). 

The referred aortic wall defects and damage are dependent on the production of proteases by different cells including 
medial SMC and adventitial fibroblasts from the aortic wall, and by inflammatory cells infiltrate in the media and adventitia, 
coming from the aortic blood and from medial neovascularization (64-66). The neural structures are also increased in 
aneurysms, in particular in the tunica adventitia (67). Compared to nonruptured aneurysms, angiogenesis is more obvious 
in the external two thirds of the media tissue in ruptured AAA (68). These neovessels are described as incomplete, leaky, 
and rupture easily, resulting in vascular remodeling and aortic wall weakening by damaging its structural integrity (69). Fur-
thermore, marked intimal hyperplasia of the adventitial vasa vasorum was found in the AAA sac (70). Further immunohis-
tology studies revealed proliferation of SMCs, which caused luminal stenosis of the vasa vasorum and decreased HemeB 
level in the sac wall, suggesting low perfusion of the sac.

The fibers of elastic and collagen are degraded by proteolytic enzymes mostly represented by MMP locally activated by 
either other MMP or by plasmin generated by plasminogen activators (71-76). Elastin degradation fragments are thought 
to promote leucocyte recruitment into the aortic wall as well as proinflammatory cytokines, chemokines, and prosta-
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glandin derivates produced by both the resident mesenchymal cells and the inflammatory cells themselves (77, 78). The 
hypothesis that leucocyte recruitment is due to innate or autoimmunity to extrinsic antigens was also raised. Based on 
previous studies, it is in fact possible that AAA formation is triggered by innate or autoimmunity to extrinsic antigens that 
may share molecular motifs with those on the aortic wall (79). Along with the destruction of the ECM in the medial layer, 
the key event in the development of AAA is the reduction in the density of SMC (80). Besides apoptosis, a phenotypic shift 
of SMC was noted in human AAA (81). SMC were larger than non-aneurysmal SMC and exhibited reduced proliferation, 
greater apoptosis and increased senescence. It has been demonstrated that inhibition of the mTOR cascade attenuates 
AAA progression by preserving or restoring SMC contractile phenotype versus a synthetic phenotype (82). The pheno-
typic skewing of SMC to a synthetic phenotype causes increased secretion of MMPs, while production of ECM is reduced 
(83). More recently, using novel methodology, low SMC contraction in vitro was demonstrated in a sub-group of patients 
with sporadic AAA, and a link between impaired contractility of SMCs of AAA patients and current tobacco smoking, 
suggesting a possible connection between the effects of present-day smoking and SMC dysfunction (84).

Figure 1 	 The pathophysiological processes underlying the progression of AAA (adapted from (85)). 

The inner side

Evidence for Endothelial Dysfunction 

As mentioned before, AAAs share the usual risk factors with occlusive atherothrombosis, except for diabetes mellitus. In 
the Atherosclerosis Risk in Communities Study cohort, circulating biomarkers of endothelial dysfunction (white blood cell 
count, fibrinogen, D-dimer, troponin T, N-terminal pro-brain natriuretic peptide, and high-sensitivity C-reactive protein) 
were strongly positively associated with AAA incidence (86).

Besides the clinical evidence, animal studies gradually drew the attention of AAA research into the endothelium. Endothe-
lial cells participate in several biological processes that maintain the vessel wall structure and function. It is possible that the 
pathological changes of endothelial cells are earlier than those of media and adventitia in AAA formation process.

Franck G et al (87) demonstrates the potential of restoring the endothelial lining to control AAA dynamics. Rat aortic 
endothelial cells endovascularly seeded prevented AAA formation and stabilized formed AAAs through the reestablish-
ment of the endothelial lining, the suspension of proteolysis, and the reconstitution of new aortic wall rich in SMCs and 
ECM. Transplanted rat aortic endothelial cells did not participate directly in aortic wall repair. Their healing properties 
implicated paracrine mechanisms involving the upregulation of endothelium-derived stabilizing factors and the recruitment 
of resident vascular cells. The importance of endothelial nitric oxide synthase (eNOS) was tested in the apolipoprotein-
-knockout mice (88). Male animals with eNOS-double knockout accelerated arteriosclerosis, AAA and aortic dissection 
formation, and ischemic heart disease. The coupling status of eNOS is determined by its cofactor (HB4). HB4 deficiency 
in a mouse model was characterized as having eNOS uncoupling and endothelial dysfunction, leading to a high risk of 
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AAA with Ang II infusion (89). Restoration of dihydrofolate reductase expression by oral administration of folic acid or 
overexpression of dihydrofolate reductase completely prevented AAA formation in the Ang II-infused mice model of HB4 
deficiency, while attenuating progressive uncoupling of eNOS, vascular remodeling and inflammation characterized by 
medial elastin breakdown and augmented matrix metalloproteinase 2 activity and activation of matrix metalloproteinase 
9, as well as macrophage infiltration. 

The endothelium was also hypothesized as the mediator of the hemodynamic influences on AAA development and pro-
gression. Blood flow is in direct contact with endothelium and can produce shear stress. On the other side, shear stress 
regulates the expression and activity of proteases secreted by endothelial cells. High unidirectional laminar shear stress 
reduces the inflammation and development of AAA via direct regulation of intimal macrophage adhesion, transmural 
migration or survival (90), while in conditions of oscillatory shear stress, the activity of MMPs and cathepsin increase and 
the expression of TIMP3 descreases compared to unidirectional laminar shear stress (91-94). Other endothelial pathways 
mediating pro-aneurysmatic reactions in the aortic wall include: the transcription factor NF-κB (95), P-selectin (96), reac-
tive oxygen species (97) and cyclophilin A (98).

In the proposed role of the endothelium in AAA formation, shear stress produced by blood flow influences the endo-
thelium to cause endothelial dysfunction via uncoupling of eNOS and oxidative stress induction. Endothelial dysfunction 
activates NF-κB, cyclophilin A and other pathways to further initiate and amplify the inflammatory reaction via overpro-
duction of cytokines and chemokines. More inflammatory cells infiltrate and exacerbate oxidative stress to form a vicious 
cycle, where the balance of TIMP/MMP is tipped, and proteolysis is promoted. Eventually, the aortic wall is damaged as a 
result of SMCs apoptosis and ECM degradation due to proteolytic degradation.

AAA ILT

The development of AAA is also associated with ILT in most patients. Different from atherosclerosis that leads to arterial 
occlusive diseases, blood flow is maintained in aortic aneurysms allowing a persistent remodeling activity of the thrombus 
itself. The eccentric distribution of ILT was associated with continuous expansion (99), and aortic mural thrombus volume 
is associated with AAA growth (100-102) as mentioned before. 

The increasing thickness of the ILT leads to local hypoxia at the inner layer of the media, which can induce increased medial 
neovascularization and inflammation (103). There is a significant positive correlation of ILT thickness with active MMPs 
concentration in the adjacent AAA wall (73, 104). By trapping polymorphonuclear leukocytes and adsorbing MMP9 and 
other plasma components, ILT could also act as a source of proteases in aneurysms that plays a critical role in enlargement 
and rupture (105-110). 

Proteomic analysis of the thrombus itself and the assessment of plasma ILT-derived markers have been used in the identi-
fication of novel proteins related to ILT biological activities. The aneurysmal diameter was correlated with plasma markers 
of ILT turnover such as of fibrin formation and degradation (111), the circulating complex plasmin-α 2-anti-plasmin (112), 
thioredoxin (113) and peroxiredoxin-1 (114). The presence of AAA increased the hemorphin 7 concentration in the 
serum relative to controls, and their levels were positively correlated with the volume of the thrombus (115).

The outer side

Adventitia

As pointed before, the determining cause of the first inflammatory activation and the initial recruitment of immune cells 
in the aortic wall is yet to be understood. The production of proteases by resident vascular wall cells (medial SMC and 
adventitial fibroblasts) and lymphomonocytic infiltrate cells can be seen as a central process in which adventitia plays a 
major role. The infiltrate cells include a varying number of macrophages in the inner part of the adventitia, capable of 
phagocytosing iron originating from ILT hemoglobin, and adventitial tertiary lymphoid organ formation, consisting mainly 
of lymphocytes, monocytes, plasma cells, and sparse mast cells, usually on a background of fibrous tissue (116), providing 
evidence of the shift from innate to adaptive immunity.

Inflammatory cells could reach the aorta using the vasa vasorum structure (vide supra) as a bridge between the patients’ 
immune system and the inner layers of the vessel wall (117, 118). Indeed, clusters of immune cells were observed in the 
outermost portion of the aortic wall, mostly in the tunica adventitia and occasionally between the SMCs of the middle 
layer (67). The higher concentration of immune cells was founded in the peri-vascular spaces in the tunica adventitia.

In in vitro studies, adventitial fibroblasts secreting MCP-1 have also been shown to recruit monocytes that then promote 
the proliferation of more fibroblasts to amplify the inflammatory response (119). Fibroblasts also play a critical role in the 
adventitial response to injury, since they can proliferate and secrete procollagen-1, leading to perivascular fibrosis and re-
sistance to rupture. Transforming growth factor-β, synthesized by polarized M2 macrophages and immune cells, is probably 
the main molecular link between inflammation and the peri-aortic fibrotic healing process (120).
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In contrast to non-specific degenerative AAA, the inflammatory variant is characterized pathologically by marked thicke-
ning of the aneurysm wall, fibrosis of the adjacent retroperitoneum, and rigid adherence of the adjacent structures to 
the anterior aneurysm wall (121). An extraordinary expansion of the adventitia due to inflammation also distinguishes in-
flammatory from atherosclerotic AAA. 

Adipose tissue

Although adipocytes in the AAA wall have not been recognized as a major pathological feature of AAA, recent studies 
using human AAA samples have underlined its importance. Histologic evaluation of AAAs, popliteal artery aneurysms, 
and control aorta shows extensive medial (popliteal artery aneurysms) and transmural fibrosis (AAA), and reveals abun-
dant adventitial adipocytes aggregates as an exclusive phenomenon of AAAs (122). The meaning of these findings is still 
unclear. It is possible that these adipocyte deposits play an active role in the pathological processes occurring in the media 
during AAA progression since adventitial proteolytic (MMP9) and inflammatory factors (TNF-α, IL-1β) were higher in the 
adventitial fat of diseased vessels compared with healthy tissues in samples from human abdominal aneurysms (123). More 
intriguingly, microarray analysis of the aortic wall tissue identified genes essentially associated with processes related to im-
paired tissue remodeling, such as angiogenesis and adipogenesis that appear to converge at activation of HIF-1α signaling in 
mesenchymal cells (124).  In vitro differentiation tests indicated a sharply increased adipogenic potential of AAA adventitial 
mesenchymal cells (122). Furthermore, ruptured AAA are enriched with adipocytes and adipocyte-related genes pointing 
to an association between the extent of fatty degeneration and rupture. The association between the adipocyte content 
and higher wall vulnerability was also verified in the analysis of the changes in the microstructure, histology and mechani-
cs to link them to AAA disease progression (125). 

In the rat hypoperfusion model of AAA, the administration of triolein increased the AAA rupture rate and this was along 
with the number of adipocytes was increased in ruptured vascular walls compared to non-ruptured walls (126). In the 
ruptured group, macrophage infiltration and the protein levels of MMPs 2 and 9 were increased in the areas around adipo-
cytes, while collagen-positive areas were decreased in the areas with adipocytes compared to those without adipocytes. 
In the same study, the administration of fish oil, which suppresses adipocyte hypertrophy, decreased the number and size 
of adipocytes, as well as decreased the risk of AAA rupture compared to the triolein administered group. Accordingly, 
Niestrawska JA et al were able to show significant differences in elastin content, collagen orientation, adipocyte contents, 
and also a deposition of newly formed collagen forming a neoadventitia, being able to discriminate two types of remodeled 
walls: (i) potentially safe and (ii) possibly vulnerable associated with inflammation and a higher number of adipocytes. 

The mechanisms underlying the appearance of the ectopic adipocytes remain poorly characterized (Figure 2). Fatty dege-
neration has been observed in chronic degenerative conditions, such as severe limb ischemia, muscle wasting dystrophies, 
and recurrent rotator cuff lesions (127-129). The phenomenon is thought to reflect dysregulated repair processes that 
also include (trans)differentiation of mesenchymal cells into adipocytes (130). 

Abundant presence of C/EBPb, KLF-5, and PPAR-g was shown in the mesenchymal cells of the outer media and adven-
titia of the aneurysm wall (122), showing the transcriptional machinery required for fatty degeneration is present within 
mesenchymal cells of the AAA wall and colocalizes with the adipocyte clusters. The process of fatty degeneration further 
depends on the ability of the resident mesenchymal cell population to undergo transdifferentiation into adipocytes. Appro-
priately, Kugo H at al (131)  showed that CD44+CD90+ mesenchymal stem cells express adipogenic transcription factors 
in the AAA wall of a hypoperfusion-induced AAA model. 

PVAT is a specific depot of adipose tissue that adjacently surrounds blood vessels. Recent studies have highlighted the rela-
tion between that PVAT and the CVD. Indeed, several reviews have already summarized the relationships between PVAT 
and common CVD (132-135). Besides acting as a support tissue, protecting vessels against neighboring tissues, PVAT is 
also an endocrine organ that releases a wide range of biologically active molecules that may have profound influence in the 
adjacent  vasculature (136). 

Experimental studies in mice show that the thoracic PVAT displays characteristics of the brown adipose tissue phenotype, 
with high vascularization and multiple small lipid droplets and numerous mitochondria in adipocytes (137), whereas ab-
dominal PVAT displays an intermediate phenotype between white and brown adipose tissue (138), being more prone to 
inflammation, as indicated by more markers of immune cell infiltration and greater expression of inflammatory genes in 
abdominal PVAT than for those in thoracic PVAT. 

When having the PVAT removed from vascular wall, the number of CD44+CD90+ cells and adipocytes in the AAA wall 
significantly decreased. Intriguingly, the AAA diameter significantly decreased in the PVAT-removed vascular wall compa-
red with that in the vascular wall with PVAT (131). The role of PVAT for aneurysm progression was further emphasized 
during the study of Interleukin-18 in the AAA development (139). Interleukin-18 uses both receptors, IL18r and NCC, 
to promote AAA formation. Lesion adipocytes and PVAT contribute to AAA pathogenesis by releasing leptin and FABP4 
that induce the expression of IL18, IL18r and NCC and promote IL18 action.

Taking all together, a potential mechanism underlying the ectopic appearance of adipocytes in the AAA wall might impli-
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cate hypoperfusion in the aortic wall, having possibly the obstruction of the vasa vasorum as a trigger (70) or the presence 
of the ILT. This resulted in the appearance of CD44+CD90+ mesenchymal stem cells in the aortic wall. The increased 
CD44+CD90+ mesenchymal stem cells differentiated into abnormal adipocytes in the vascular wall with the expression 
of adipocyte differentiation regulatory factors. The appearance of adipocytes can cause a weakness of the vascular wall. 
This process seems to depend also on the contribution of PVAT, since the lack of PVAT diminished the number of me-
senchymal cells with adipocyte-differentiation potential and the adipocytes in the AAA wall, but the mechanisms are yet 
unknow.

To challenge this hypothesis, the use of a biomaterial-guided periadventitial delivery of adipose tissue-derived stromal cells 
for treatment of experimental AAA was shown to prevent the dilation of the aorta, to suppress the loss of SMC and the 
degradation of elastin and to reduce influx of macrophages in rats (140). Adipose tissue-derived stromal cells migrated 
from the loaded patches into the arterial wall and showed a homogeneous distribution in the aortic media, and in the 
adventitia. Bare patches could not prevent aortic dilation. On the other hand, loaded patches did prevent aortic dilation, 
which suggests that these cells influenced the aneurysm development and progression.

Figure 2 	 Schematic diagram demonstrating the molecular complexity of AAA pathogenesis. The role of PVAT in the AAA development remains unclear. 
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The aim of this thesis is to create more insight into epidemiologic (Part I) and pathophysiologic (Part II) features of AAA. 

Regarding the first part of the thesis, Chapter 1 exhibits a narrative review on the epidemiologic transition of AAA. This 
topic is further explored at the institutional level in Chapter 2 by providing a retrospective analysis of consecutive case 
entries admitted to iAAA repair and submitted to EVAR or OSR, in a single center. In Chapter 3, a nationwide analysis 
of the incidence and mortality after iAAA repair is provided based on the retrospective hospital administrative database. 
Chapter 4 focuses on rAAA incidence and mortality, resorting to the retrospective hospital administrative database but 
also the prospective cause of deaths database. 

Regarding the second part of the thesis, Chapter 5 offers a narrative review about the putative impact of AAC on aneu-
rysmal progression, rupture and after endovascular correction, emphasizing the challenges in the study of AAC in AAA. 
Chapter 6 describes the correlation between three semiquantitative and one computerized method based on Agatston 
Score, when measuring AAC in AAA patients. We hypothesized that one reason for the great heterogeneity of the impact 
of AAC in AAA might be the use of different methods of assessing its severity. The establishment of a fast and easy-to-use 
method of assessing AAC can be of value in research settings, ultimately leading to a better understanding of the clinical 
implications of AAC in AAA.

In Chapter 7 we discuss the PVAT as a putative intervenient in the pathologic pathways occurring in AAA and/or aortic 
atherosclerosis in a narrative review. Chapter 8 is a multicenter retrospective case control study to compare the PVAT 
density in patients with AAA, with aortoiliac occlusive disease and individuals without aortic pathology using a CT-based 
approach. In Chapter 9, we explore the putative role of PVAT in inflammation of the aortic wall in AAA in a prospective 
translational study.
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PART I

Chapter 1

1.	 To provide a narrative review focusing on:
1.1 The magnitude of the AAA epidemiological change
1.2 Possible underlying causes

Chapter 2

2.	To compare outcomes after iAAA repair in a single center focusing on the differences between EVAR and OSR
2.1 Demographic and clinical differences
2.2 Length of hospital stay
2.3 Survival and freedom from aortic-related mortality
2.4 Vascular reintervention
2.5 Time trends

Chapter 3

3. To assess trends in the rate of iAAA repair, demographics and outcomes over a 16-year interval in Portugal

Chapter 4. 

4. The assess the trends in rAAA rates of admission, repair and mortality over a 16-year interval in Portugal

PART II

Chapter 5

5. To provide a narrative review focusing on:
5.1 The impact of ACC in the progression, rupture and repair of AAA
5.2 The challenges of the ACC research in AAA

Chapter 6
6.1 To assess the performance of three semiquantitative methods compared to a computerized one in scoring 

AAC
6.2 To access differences in AAC upon clinical variables, when different methods of calcium scoring are used

Chapter 7

7. To provide a narrative review focusing on:
7.1 The association between global and specific adiposity and AAA
7.2 The association between global and specific adiposity and PAD
7.3 Molecular markers of PVAT versus other abdominal aortic deposits

Chapter 8
8.1 To develop a new method for CT-assessment of abdominal PVAT
8.2 To evaluate the distribution of abdominal fat deposits including PVAT in patients with AAA compared with 

AIOD and patients with healthy aortas

Chapter 9

9. To investigate the mechanisms underlying the role of PVAT in the occurrence of AAA
9.1 To compare the histological aspect of PVAT from AAA and PAOD patients and controls
9.2 To address expression of inflammatory genes in PVAT from AAA and PAOD patients and controls
9.3 To performed live ex vivo stimulation of SMC using SAT and PVAT from AAA patients and controls
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ARTIGO REVISÃO

Keywords
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ABSTRACT

Abdominal aortic aneurysm (AAA) has shown an epidemiological transition in Western countries. The standard of the XX 
century characterized by increasing incidence and mortality has been replaced by decreasing incidence and mortality due 
to AAA. The decrease in deaths from AAA observed since the 90s seems to have been motivated by reduced exposure to risk 
factors, increased use of cardioprotective drugs, increased availability of diagnostics and improved treatment modalities. 
This epidemiological transition could have an impact on the screening strategy (both in organized or opportunistic scree-
ning) as well as in the management of resources related to the treatment of AAA. The objective of this review is to scrutinize 
the magnitude of these epidemiological changes, the possible underlying causes and its potential impact.

Palavras-chave
aneurisma da aorta abdominal; epidemiologia; incidência; mortalidade

RESUMO

O aneurisma da aorta abdominal (AAA) tem exibido uma transição epidemiológica nos países ocidentais. O padrão do século 
XX caracterizado por elevada incidência e mortalidade tem dado lugar a uma incidência e mortalidade decrescentes por AAA.
A diminuição das mortes por AAA observada desde os anos 90 parece ter sido motivada pela diminuição da exposição a factores 
de risco, à maior utilização de fármacos cardioprotetores, ao aumento da disponibilidade de meios de diagnóstico e à melhoria 
das modalidades de tratamento. Esta transição epidemiológica poderá ter impacto na estratégia de rastreio (quer este seja 
organizado ou oportunista) bem como na gestão de recursos relacionados com o tratamento do AAA. O objetivo desta revisão 
é fazer um levantamento da magnitude destas modificações epidemiológicas, das possíveis causas que lhe estão subjacentes 
e do seu potencial impacto.
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(1)INTRODUÇÃO

O aneurisma da aorta abdominal (AAA) tem experimentado 
uma transição epidemiológica nos países ocidentais, varian-
do de um padrão determinado por elevada incidência e morta-
lidade para outro, mais recente, caracterizado por diminuição 
da incidência e da mortalidade por AAA. Esta alteração epide-
miológica não se tem verificado sincronamente em todos os 
países e nem mesmo entre géneros ou grupos etários (2).
O desconhecimento deste facto tem levado a que os dados de 
prevalência e mortalidade reportados em diferentes estudos, 
como forma de salientar a importância do tema em estudo, 
sejam frequentemente incorretos (3), sendo que a maioria dos 
autores tende a reportar em excesso o ónus desta doença. 
Adicionalmente, uma avaliação nacional fidedigna quando às 
tendências de admissão e de mortalidade por AAA permite 
ajustar programas de rastreio e contribuir para a gestão de 
recursos no que diz respeito ao tratamento desta doença.
O objetivo desta revisão é fazer um levantamento das 
recentes modificações epidemiológicas no AAA, bem com 
das possíveis causas que lhe estão subjacentes.

1. ADMISSÕES E MORTALIDADE POR AAA 
NO SÉCULO XX

O século XX testemunhou um aumento da prevalência e 
mortalidade por aneurisma da aorta abdominal nos países 
desenvolvidos. Entre 1951 e 1995, os estudos epidemioló-
gicos revelavam que o AAA era uma doença em crescimento.
No Reino Unido, Filipovic e colaboradores documentaram 
aumentos da taxa de mortalidade de 13 para 25 por milhão 
em mulheres e de 80 para 115 por milhão em homens e 
aumento da taxa de admissão de 3 para 22 por milhão/ano 
em mulheres e de 52 para 149 por milhão/ano em homens, 
entre 1979 e 1999 (4). Apesar da significativa melhoria da 
fatalidade nos doentes operados por AAA íntegro durante 
esse período (diminuição de 25,8% para 9,0%), nos doentes 
com AAA em rotura essa diminuição foi ligeira (69,9% para 
54,4%) e salientava-se a necessidade de detecção e trata-
mento do AAA antes da ocorrência de rotura.
Nos Estados Unidos, de 1951 a 1968, a mortalidade anual por 
aneurisma aórtico, sendo o abdominal o mais comum nesta 
análise, registou um aumento tanto em homens como em 
mulheres, caucasianos ou não caucasianos, tendo-se verificado 
atenuação e discreta diminuição de 1968 a 1981 (5). Este aumen-
to correspondeu a um aumento no número total de óbitos por 
aneurisma aórtico de aproximadamente 2500 para 14000, com 
média de aumento anual de 17% para homens caucasianos, 
12% para mulheres caucasianas, 14% para homens não cauca-
sianos e 15% para mulheres não caucasianas.

2. ADMISSÕES E MORTALIDADE POR AAA 
NO SÉCULO XXI

A evidência mais recente proveniente de diversos países 
ocidentais sugere que uma reversão da epidemiologia tem 
ocorrido durante o século XXI, com diminuições marcadas na 
incidência e mortalidade por AAA.
O estudo de Sidlof e colaboradores (2) corresponde à maior 
análise de base populacional sobre mortalidade por AAA até à 
data e confirma o declínio da mortalidade na maior parte do 19 
países da Organização Mundial da Saúde (World Health Orga-
nization) que foram incluídos, apesar da heterogeneidade 
nas tendências de mortalidade padronizada para a idade. As 
diferenças geográficas evidenciadas nesse estudo são apre-
sentadas na Figura 1A (homens) e na Figura 1B (mulheres). Nas 
Figuras 1A e 1B torna-se evidente que as exceções à tendência 
global de diminuição da mortalidade incluem aumentos nos 
seguintes grupos: homens da Hungria (2,7%) e da Roménia 
(1,7%), e mulheres da Hungria (3,5%), da Roménia (1%), da 
Dinamarca (2,2%) e da Áustria (0,5%).

Figura 1A e 1B   Variação anual da mortalidade padronizada para a 
idade por aneurisma da aorta abdominal em homens (1A) e em mulhe-
res (1B). Países representados: Austrália, Áustria, Canada, Dinamarca, 
Finlândia, França, Alemanha, Hungria, Islândia, Israel, Japão, Holanda, 
Nova Zelândia, Noruega, Roménia, Espanha, Suécia.  
Legenda: verde escuro — diminuição estatisticamente significativa, 
verde claro — diminuição sem significância estatística,  
amarelo — variação próxima de zero,  
vermelho claro — aumento sem significância estatística,  
vermelho escuro — aumento estatisticamente significativo.  
Baseado no estudo de Sidloff e colaboradores(1).
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A transição epidemiológica no aneurisma da aorta abdominal

As maiores reduções na taxa de mortalidade em homens 
verificaram-se nos EUA, no Reino Unido e na Austrália e 
foram, respectivamente, 6,7%, 6,2% e 6,2% por ano. As 
maiores reduções na taxa de mortalidade em mulheres 
foram observadas nos Reino Unido e nos EUA: 4,0% e 3,9% 
por ano, respetivamente. Estes dados evidenciam ainda 
uma diferença de género, sendo a taxa de declínio menor 
nas mulheres do que nos homens.
Para além do estudo supramencionado, vários autores 
descreveram mais detalhadamente dados nacionais relati-
vos a admissões hospitalares, à reparação e à mortalidade 
por AAA nomeadamente nos EUA, Austrália, Nova Zelân-
dia, Reino Unido, Holanda e Itália. Os principais resultados 
destes estudos encontram-se na Tabela 1.
Especula-se que o declínio da incidência de AAA na Austrá-
lia Ocidental possa ter precedido o dos EUA e da Europa(6, 7) 
devido à mais precoce modificação de factores de risco e 
alteração do estilo de vida, incluindo a redução do consumo 
tabágico (ver adiante).

3. POSSÍVEIS CAUSAS

A diminuição das mortes por AAA observada desde os anos 
90 parece ter sido motivada pela diminuição da exposição a 
factores de risco, à maior utilização de fármacos cardiopro-
tetores, aumento da disponibilidade de meios de diagnósti-
co e à melhoria das modalidades de tratamento.

3.1 REDUÇÃO DA EXPOSIÇÃO AOS FACTORES 
DE RISCO

Uma análise das tendências nos factores de risco cardio-
vascular entre 1946 e 2010 em vários países, predominan-
temente da Europa, Austrália e América do Norte, mostrou 
que estes se correlacionam de forma independente com as 
tendências de mortalidade por AAA (2). Neste estudo demos-
trou-se uma associação linear positiva entre as tendências 
globais de prevalência de pressão arterial sistólica (p≤0.03), 
de colesterol (p≤0.03) e de consumo tabágico (p≤0.02) 
em ambos os géneros. Curiosamente, o índice de massa 
corporal demonstrou uma associação linear negativa com a 
mortalidade por AAA (p≤0.007), enquanto o nível de glicose 
em jejum não mostrou qualquer associação.
À semelhança do AAA, a incidência de doença coronária e 
doença cerebrovascular tem diminuído nas últimas déca-
das (8) e esta tendência tem sido atribuída a alterações nos 
factores de risco cardiovasculares (9). Como os factores de 
risco dominantes do AAA são semelhantes aos da ateroscle-
rose (10) (com exceção da diabetes mellitus), as tendências no 
AAA podem ter sido simplesmente mais tardias.

Tabela 1 Principais resultados de estudos primários sobre a evolução 
da incidência de admissão, reparação e mortalidade por aneurisma da 
aorta abdominal ao longo do tempo.
Legenda: AAA – aneurisma da aorta abdominal.

Referência País/Período Principais resultados

Semmens, 1998
Australia 
Ocidental, 
1985 a 1994

Declínio na incidência de ambos os procedimen-

tos de emergência e eletivos para AAA após 

1992. Enquanto a taxa de mortalidade por AAA 

roto também caiu desde 1991 e a taxa de letali-

dade global de AAA roto caiu apenas 1,3%.

Norman, 2011
Australia, 
1999 a 2008

Queda significativa nas taxas de admissão hospi-

talar e na mortalidade por AAA em rotura e por 

AAA íntegro em ambos os géneros desde 1999.

Sandiford, 2011
New Zeland, 
1994 a 2009

Diminuição da mortalidade, da admissão hospi-

talar e da taxa de mortalidade hospitalar por AAA 

(não separa AAA íntegro de AAA em rotura).

Anjum, 2011

Inglaterra, 
País de Gales 
e Escócia, 
1950 a 2009

Diminuição da admissão por AAA em rotura 

(em todas as idades, excepto >85 anos).

Aumento das admissões para reparação de 

AAA íntegro entre 1989 e 1996 e apenas 

aumento modesto entre 1997 e 2009 

(superior em homens e em idades >75 anos e 

inferior na faixa de 55-64 anos).

Diminuição da mortalidade a partir de 1997 

sobretudo à custa dos AAA em rotura (mais 

em homens e em idades inferiores a 75 anos).

Choke, 2011
Inglaterra e 
País de Gales, 
2000 a 2009

Diminuição no número de admissões e de 

reparações por AAA em rotura (em ambos os 

géneros e para idades < ou > a 75 anos).

Manutenção do número de admissões por 

AAA íntegro (mais em homens e idades 

superiores a 75 anos e menos em mulheres 

e em idades <75 anos). Aumento do número 

de reparações por AAA íntegro (mais nos 

doentes com idade >75 anos). Diminuição da 

mortalidade por AAA (mais no AAA em rotura 

do que no AAA íntegro, mais em homens e em 

todas as idades).

Sensi, 2013
Itália, 
2000 a 2011

Diminuição significativa das taxas de hospi-

talização quer para AAA em rotura quer para 

AAA íntegros. As taxas de mortalidade a 

30 dias não variaram significativamente ao 

longo do tempo em nenhum dos grupos.

Nelissen, 2015
Holanda, 
1980 a 2010

A mortalidade total por AAA aumentou de 

1980 até 1995, seguida por um declínio até 

2010 (mais proeminente nos homens).

A mortalidade por AAA íntegro mostrou um 

aumento no período de 1980 até 2010.

A idade da morte por AAA foi maior nas 

mulheres do que nos homens; esta diferença 

diminuiu à medida que aumentava a idade 

de morte por AAA em homens. A diminuição 

da mortalidade por AAA foi observada pela 

primeira vez no grupo etário mais jovem 

(55–69 anos) e só posteriormente em grupos 

etários consecutivamente superiores.



34 PART I SPECIFICITIES OF THE EPIDEMIOLOGICAL TRANSITION OF ABDOMINAL AORTIC ANEURYSMS

Volume 13 / Número 01 / Março 2017

M. Dias-Neto et al.

Dados específicos provenientes de diversos países suportam 
esta hipótese, sendo o tabaco o factor de risco mais frequen-
temente evocado por diversos motivos: (a) a correlação entre 
tabagismo e formação de AAA já foi demostrada (11), sendo 
este o mais importante factor de risco para o desenvolvimen-
to de AAA; (b) estima-se que aproximadamente um quinto 
de todas as mortes por AAA poderiam ser evitadas por redu-
ção tabágica (12); o tabagismo aumenta a taxa de rotura (13). A 
prevalência de consumo tabágico na Austrália caiu de 35% 
em 1980 para 23% em 2001, sendo para os adultos com mais 
de 60 anos de apenas 10% em 2001 (14).
Assume-se que sucesso do movimento antitabágico da Austrá-
lia tenha contribuído para uma diminuição da mortalidade por 
cancro do pulmão no género masculino desde meados do anos 
80 (6) e que uma tendência semelhante para o AAA possa ser o 
resultado da coorte de não fumadores ir atingindo a sua sétima 
ou oitava década de vida. Na Holanda, em 1970, mais de 75% 
dos homens adultos e menos de 25% das mulheres são fuma-
dores (15). Neste país a diminuição no consumo de tabaco em 
homens cursa em paralelo com o declínio na mortalidade por 
AAA. De forma semelhante, em mulheres, quer o consumo de 
tabaco, quer a mortalidade por AAA não se alteraram nos últi-
mos 40 anos. Na Inglaterra, após 1982, a taxa de declínio do 
tabagismo abrandou com quedas de prevalência de apenas 1% 
por cada 2 anos até aos anos 90 (16). Desde 2000, a queda tem 
sido ainda menor e estimada em 0,4% ao ano e entre 2007 e 
2008 a prevalência estagnou em 21%. Para os adultos com 60 
anos, a taxa de tabagismo na Inglaterra era de 16% em 1998 
em comparação com os 10% registados na Austrália em 2001. 
Curiosamente, a mais rápida queda de consumo tabágico na 
Austrália em relação à Inglaterra pode explicar a discrepância 
na taxa de admissões eletivas por AAA que está a diminuir na 
Austrália, mas não na Inglaterra. Por fim, especula-se que a 
diminuição do consumo tabágico possa ainda servir para atra-
sar o início da doença nos indivíduos geneticamente predis-
postos, o que explicaria a diminuição da prevalência de AAA em 
homens com 65 anos submetidos a rastreio de AAA (7).

3.2 MAIOR UTILIZAÇÃO DE FÁRMACOS
 CARDIOPROTETORES

O papel dos fármacos cardioprotetores na prevenção do 
crescimento do AAA não está bem definido (17, 18). Tem sido 
sugerido que as estatinas podem ter efeitos pleiotróficos na 
expansão aneurismática (19). Um dos primeiros documentos 
de consenso a sugerir o uso de agentes anti-dislipidémicos, 
entre outras recomendações, para a prevenção secundária 
no AAA foram as guidelines da American College of Cardiol-
ogy/American Heart Association de 2005 (19, 20). É provável 
que a diminuição da incidência de AAA em rotura documen-

tadas em vários países seja ocresultado do aumento do uso 
de estatinas (21). Dados específicos da Nova Zelândia mostra-
ram que menores níveis de lípidos séricos e um aumento 
dramático no uso de estatinas foram atingidos no género 
masculino desde 1986-1988 (22), o que pode estar relaciona-
do com a diminuição da incidência de rotura, de admissões e 
de mortalidade por AAA documentada no período de 1994 
a 2009. Outro factor eminentemente relacionado com a 
rotura é a pressão arterial (23). Da mesma forma, a proporção 
de homens da Nova Zelândia com pressão arterial acima de 
150/90 mmHg sem tratamento diminuiu de cerca de 20% 
em 1986–1988 para 3,3% em 2002-2003 (22).

3.3 MAIOR DIAGNÓSTICO

Para além da existência de programas de rastreio do AAA em 
países como o Reino Unido e a Suécia (24), o uso disseminado 
de técnicas de imagiologia abdominal pode ter levado a uma 
maior referenciação de doentes com AAA e promovido a sua 
reparação eletiva.
Por outro lado, a consciencialização pública em relação a 
esta patologia pode ter levado mais homens a procurarem 
proactivamente o rastreio, nos países em que o mesmo não 
está implementado de forma organizada (15).

3.4 MAIOR REPARAÇÃO ELETIVA E MELHORES 
CUIDADOS PERI-OPERATÓRIOS

Uma importante mudança desde o início dos anos 90 foi a intro-
dução da reparação do AAA por via endovascular (EVAR). Esta 
introdução trouxe consigo uma mudança de paradigma que é 
crescente na medida em que a modalidade endovascular apre-
senta cada vez melhores resultados, como menor taxa de migra-
ção, menos endoleak tipo I e menos rotura (25). A par da maior taxa 
de diagnóstico, a utilização do EVAR pode assim ser responsável 
pelo aumento do número de reparações de AAA em doentes que 
de outra forma não seriam candidatos a tratamento como, por 
exemplo idosos (14,26). A mudança para um tratamento menos 
invasivo pode assim ter contribuído para a diminuição da morta-
lidade no tratamento eletivo de AAA, ainda que, à luz da evidên-
cia atual, não possa ser atribuído ao EVAR menor mortalidade 
aos 90 dias por AAA em rotura versus cirurgia aberta (27).
Contudo, pode-se especular que o aumento da taxa de cirur-
gia eletiva pode ter atingido níveis suficientemente altos para 
reduzir o número de AAA em risco de rotura, com consequen-
te estabilização ou queda das reparações e da mortalidade 
por AAA em rotura (6). Adicionalmente, a publicação recente 
de dados provenientes do registo Vascunet demonstra que a 
mortalidade intra-hospitalar após reparação de AAA em rotu-
ra tem diminuído significativamente de 42,5% em 2005 para 
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28,5% em 2009 no Reino Unido (28). A combinação da carga de 
reparação eletiva, de melhor seleção de casos e de melhores 
resultados peri-operatórios podem assim contribuir para a 
diminuição da mortalidade por AAA em rotura. 
Por fim, o aumento da cirurgia eletiva num determinado 
período de tempo pode ter resultado no estabelecimento de 
um novo patamar, mais baixo, na taxa de reparações eleti-
vas, a par da menor taxa de reparação de AAA em rotura (6).

4. IMPLICAÇÕES DA TRANSIÇÃO EPIDEMIOLÓGICA

O impacto da transição epidemiológica pode ser discutido a 
dois níveis: na estratégia de rastreio do AAA; e na gestão de 
recursos relacionados com o tratamento do AAA.

4.1 RASTREIO DE AAA

A meta-análise de Costford e colaboradores demonstrou 
que o rastreio é efetivo em diminuir a mortalidade por AAA 
em homens com idades entre 65 e 79 anos avaliados por 
ecografia (29). Este estudo da Cochrane incluiu quatro estudos 
clínicos randomizados, no total de 127891 homens e 9342 
mulheres e o AAA foi detectado em 5% a 10% dos homens 
com idade entre 65 e 79 anos. Apesar deste resultado ser 
provavelmente válido para uma larga faixa de taxas de preva-
lência, o número de homens que precisam de ser rastreados 
para salvar uma vida (ou anos de vida) aumenta à medida que 
a mortalidade cai. Assim, o custo-efetividade é necessaria-
mente inferior em padrões de baixa mortalidade, o que pode 
desafiar o custo-efetividade do rastreio (7, 30), quer este seja 
de base populacional e organizado ou oportunista.
Por outro lado, pode ser ainda mais imperativo optimizar o 
público-alvo do rastreio.
Se estas tendências de mantiverem, Lederle e colaboradores (11) 
advogam que os programas dirigidos a populações de alto risco 

(31), como homens mais idosos e com história de consumo tabági-
co, possam ser mais efetivas. No entanto, esta estratégia deve 
ser contrabalançada pela redução do ganho em anos de vida 
inerente ao rastreio de um coorte de idade mais avançada (7).

4.2 GESTÃO DE RECURSOS RELACIONADOS 
COM O TRATAMENTO DO AAA

Uma meta-análise de estudos que investigam a relação entre o 
volume de procedimentos cirúrgicos e os respetivos resultados 

(32) mostra que maiores volumes operatórios anuais estão associa-
dos de forma estatisticamente significativa a menor mortalidade, 
tanto na reparação de AAA eletiva como na rotura. Na a reparação 
eletiva o odds ratio (OR) foi de 0,66 (0,65 a 0,67) para um limiar de 
43 AAA por ano e na reparação de AAA em rotura o OR foi de 0,78 

(0,73 to 0,82) para um limiar de 15 AAA por ano, em favor das insti-
tuições de maior volume. Perante a diminuição da incidência da 
doença pode-se tornar ainda mais pertinente que a reparação seja 
realizada apenas em centros com elevado volume de casos.
Por fim, se se espera uma alteração demográfica no sentido de 
doentes cada vez mais idosos, pode-se especular que estes serão 
mais frequentemente candidatos a cirurgia endovascular do que a 
cirurgia aberta. Este dado, aliado ao contínuo desenvolvimento da 
técnicas endovasculares (no sentido de uma maior aplicabilidade), 
salienta a importância de uma adequada e atempada formação e 
preparação dos centros cirúrgicos para este tipo de estratégia.

CONCLUSÃO

Apesar da transição epidemiológica ter sido verificada na 
maior parte dos países ocidentais, desconhece-se até à data 
qual o estadio atual de Portugal em relação a este assunto.
Este levantamento de dados epidemiológicos sobre o AAA em 
Portugal parece ser necessário sobretudo porque os dados 
provenientes do Sul da Europa são igualmente escassos. A 
importância deste levantamento prende-se não só com a defi-
nição do custo-benefício e de grupos-alvo do rastreio (organi-
zado ou oportunista) do AAA em Portugal, mas também com a 
gestão dos recursos relativos ao tratamento desta patologia.
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Abstract 
 
Introduction:  The recommendations about the preferred type of elective repair of abdominal aortic 
aneurysm (AAA) still divides guidelines committees, even nowadays.   
Aim: To assess outcomes after AAA repair focusing on differences between endovascular (EVAR) and open 
repair (OSR). 
Methods: Observational retrospective cohort study of consecutive patients submitted to elective AAA 
repair at a tertiary centre, 2009-2015. Exclusion criteria: non-elective cases or complex aortic aneurysms. 
Primary outcomes were postoperative complications, length of hospital stay (LOS), survival, freedom from 
aortic-related mortality and vascular reintervention. Time trends were assessed along the period under 
analysis. 
Results & Discussion: From a total of 211 included patients, those submitted to EVAR were older (74±7 
vs. 67±9 years; p<.001), presented higher prevalence of hypertension (83.5% vs. 68.5%, p=.004), obesity 
(28.7% vs. 14.3%, p=.029), previous cardiac revascularization (30.5% vs. 14.7%, p=.005), heart failure 
(17.2% vs. 5.2%, p=.013) and COPD (32.8% vs. 13.3%, p=.002). Patients were followed during a median of 
46 months. EVAR resulted in a significantly shorter LOS (median 4 and interquartile range 3 vs. 8 (9); 
p<.001), lower 30-days complications (10.6% vs. 22.8%, p=.017) and aortic-related mortality after 
adjustment with a propensity score. Along the time under analysis, EVAR became the predominate type 
of repair (p=.024) and both proportion of complications (p=.014) and 30-day mortality (p=.035) were 
lower in the most recent years. Although EVAR was offered to patients with more comorbidities, better 
and durable outcomes were achieved after EVAR, favoring its adoption for elective AAA repair.  
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Introduction 
 

Abdominal aortic aneurysm (AAA) is defined as a focal dilatation at least 50% larger than the 
expected normal diameter [1], with elective surgical repair being recommended for patients diagnosed 
with AAA ≥ 55 mm due to the elevated risk of rupture. The decision to operate a patient with an AAA is 
complex, as it depends on the risk of aneurysm rupture, the risk associated with its repair and the patient’s 
life expectancy. Ultimately, the patient’s personal preference is also a factor to consider. Once the 
necessity for AAA repair is established, the choice of operative strategy will need to be made between 
conventional open surgery repair (OSR) and endovascular aortic aneurysm repair (EVAR). 

Although conventional OSR proved to be a successful and durable correction for aortoiliac 
aneurysmal disease [2, 3], endovascular aortic aneurysm repair (EVAR) emerges in the 1990s as a less-
invasive alternative to the standard OSR, not requiring abdominal laparotomy nor long periods of aortic 
clamping. In contemporary practice, endovascular techniques are gradually replacing OSR for the 
treatment of AAAs, supported by several observational studies reporting its short-term advantages [4], 
with low rates of morbidity and mortality in high risk patients as well as lower systemic complication rates. 
In fact, the development of surgical techniques, perioperative management and the introduction of 
endovascular exclusion strategies contributed to lower the elective surgical mortality to less than 5% in 
most series [5]. 

In Portugal, the analysis of the national hospitals administrative database revealed that the age-
standardized rate of AAA repair increased consistently across the time periods under analysis from 
3.6±0.6/100,000/year in 2000-2004, to 5.6±0.4/100,000/year in 2005-2009 and to 7.1±0.9/100,000/year 
in 2010-2015 (p<0.001) [6], with a growing preference for EVAR over OSR. Nevertheless, analysis of 
administrative databases lacks long-term follow-up.   

The aim of this study was to assess complications, length of hospital stay (LOS), survival and 
vascular reintervention after AAA repair in a retrospective cohort of patients focusing differences upon 
endovascular and open repair. 
 
Methods 
 
Study design and sample 

This is an observational retrospective cohort study of all patients consecutively submitted to 
elective AAA surgery repair at a tertiary academic center between 2009 and 2015. The exclusion criteria 
were non-elective cases, aortic intervention due to diagnosis other than infrarenal AAA and complex 
aortic aneurysms such as juxta-renal, thoraco-abdominal or thoracic aneurysms. Patients who did not 
meet the inclusion criteria or with any of the exclusion criteria mentioned above were excluded from the 
study. 

Centro Hospitalar de São João is a tertiary teaching center in the North of the Portugal, serving 
0.7 million people. Both open and endovascular elective repair of AAA are performed either by consultant 
vascular surgeons or by residents during their vascular training under the direct supervision of an 
experienced consultant vascular surgeon. EVAR is performed in the operating theatre using a mobile C-
arm. A gradual preference has been given to local/regional anesthesia and percutaneous closure for EVAR, 
although the decision depends on the individual case. For OSR, a midline transperitoneal approach is 
preferred, and aorto-aortic or aortobiiliac reconstruction is performed depending on the presence of 
concomitant iliac aneurysms.  

Follow up after ORS repair is by yearly clinical assessment complemented by ABI and/or 
ultrasound if need and abdominopelvic computed tomographic angiography (CTA) every five years, as 
recommended [7]. Follow up after EVAR started as an abdominopelvic CTA 1, 6, 12 months after surgery 
and then annually. Recently, our protocol was modified to adapt to the most recent recommendations of 
the European Society for Vascular Surgery [7], including  a CTA at least every 5 years and annual ultrasound 
to assess the annual diameter if a type II endoleak is present.  

The study complies with the STROBE statement [8].  
 
Data collection 

The characterization of the sample was carried out by consulting the electronic health processes. 
Clinical and demographic characteristics of patients were collected according to the reporting standards 
for infrarrenal AAA repair [9]. The medication undertaken by the patients refer to the chronic drug 
medication at the time of the first observation in the hospital. After consultation patients are generally 
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prescribed with antiplatelet therapy and statins, unless there is a contraindication. 
The main outcomes were 30-day and late survival after repair. Secondary outcomes included 

cause of death, vascular primary reintervention(s), cause of reintervention(s), postoperative medical 
complications and length of hospital stay.  

 
Definitions 

Body mass index corresponded to the weight (kg) divided by the square height (m2). Obesity was 
defined as a body mass index ³ 30 kg/m2. Early mortality was defined by in-hospital mortality or death 
within 30 days of surgery. Major complications were defined as one of the following: respiratory as 
pneumonia, prolongation of endotracheal intubation, need for a tracheostomy; acute myocardial 
infarction with PCI, CABG or no intervention, decompensated heart failure or cardiac arrest; 
cerebrovascular including transient ischemic attack or stroke; renal failure as rise in plasma creatinine to 
> 3 mg/dL with or without the need for dialysis; abdominal including intestinal obstruction, ischemia or 
evisceration. The vascular reinterventions included any open or endovascular procedure performed due 
to lower limb ischemia or any access-related or graft-related complication. Elective revascularization of 
the lower limbs due to femoral or popliteal aneurysms were not considered as reinterventions.   
 
Statistical analysis 

Statistical analysis was performed using the Statistical Package for the Social Science (SPSS Inc., 
Chicago IL, USA), version 23.0 for Mac®. 

Descriptive statistics are presented as absolute frequencies (n) and relative (%) for categorical 
variables whereas continuous variables are expressed as mean ±  standard deviation (SD) when normally 
distributed as median and interquartile range (IQR) when skewed.  

Differences between both groups of AAA repair were studied by Chi-square/Fisher’s exact test if 
variables were proportions. For continuous variables, t-test was used when normally distributed and 
Mann-Whitney U test for two independent variables when normality could not be assumed. Time-
dependent variables were analyzed by Kaplan-Meier curves. Cases were censored on the date of death 
or the last recorded clinical follow-up, ensuring accurate information collection. Median time of follow up 
was estimated by the reverse Kaplan-Meier method. 

Missing data among the clinical variables of interest varied from 6% to 13%, except for carotid 
disease that was 46% since this is not a mandatory evaluation before surgery in the institution. 
Demographic and clinical variables that differ among groups of AAA repair in univariate analysis were 
introduced in a logistic regression model to predict the risk of undergoing EVAR repair, after multiple 
imputation being performed for missing clinical data. Variables that remained significant after this 
multivariable analysis were used to calculate a propensity score that was introduced in the Cox regression 
model for adjustment. 

For time trends, the variables of interest were tested for homogeneity of proportions among the 
years under analysis if categorical or with ANOVA if continuous.  

The tests were considered statistically relevant for a significance level (p-value) of less than 0.05 
and the confidence interval was 95%. 

 
 

Ethical issues 
 The study protocol was approved by the local Ethics Committee and respected the Declaration 
of Helsinki. Patient informed consent was not required and the anonymity and confidentiality of all the 
participants was assured by the investigators. 
 
Results 
 
Demographics and clinical features 

Between January 2009 and December 2015, a total of 221 patients were included in the analysis, 
of which 201 (95.3%) were male with a mean and SD age of 71 ± 9 years. EVAR patients were older than 
OSR patients (74 ± 7 vs. 67 ± 9 years; p<.001). Among clinical variables, a higher prevalence of 
hypertension (83.5% in EVAR vs. 68.5% in OSR, p=.004), obesity (28.7% in EVAR vs. 14.3% in OSR, p=.029), 
history of cardiac treatment (30.5% in EVAR vs. 14.7% in OSR, p=.005), congestive heart failure (17.2% in 
EVAR vs. 5.2 in OSR, p=.013), chronic obstructive pulmonary disease (COPD) (32.8% in EVAR vs.13.3 in 
OSR, p=.002) was found in the EVAR group. Accordingly, EVAR patients achieved higher American Society 
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of Anesthesiologist’ (ASA) classification (p=.004) and were more often medicated with anti-hypertensive 
drugs such as calcium channel blockers (p=.005) and beta blocking agents (p=.016) as well as with 
antiplatelet therapy at the time of the first observation at the hospital (p=.044). The remaining clinical 
and demographic data are reported in Table 1.  

Multivariate analyses demonstrated that older age and COPD remained significant predictors of 
EVAR instead of OSR (Figure 1).  

 
Operative details 

Aneurysm repair was performed in 79 patients by open surgery, of which 40 (50.6%) were tubular 
aortic interpositions, 24 (30.4%) had at least one anastomosis to the femoral arteries and 15 (19.0%) had 
distal anastomosis to the iliac arteries (Table 2). All open interventions were performed under general 
anesthesia.  

In the endovascular group, femoral cutdown was performed for aortobiiliac EVAR in 100 cases 
and a total percutaneous access was used in 27. Five cases (3.8%) were aortouniiliac EVAR with 
femorofemoral bypass. In the EVAR group, only 18 (14.5%) cases were performed under general 
anesthesia. Most cases resort to regional anesthesia (91 cases, 73.4%) and 15 (12.1%) to local anesthesia 
with/without sedation. 
 
In-hospital complications 

Specific medical complications at 30 days are presented in Table 3. Both respiratory (15.4% vs. 
1.5%, p<.001) and abdominal complications (7.6% vs. 0.8%, p=.012) were more common in OSR versus 
EVAR group. A composite outcome of all medical complications at 30 days was higher for OSR versus EVAR 
(22.8% vs. 10.6%, p=.017). 

 
LOS 

EVAR resulted in a significantly shorter LOS when compared to OSR (p<.001). The EVAR group 
had a median hospital stay of 4 days, with an interquartile range of 3 days (minimum and maximum values 
of 1 and 105 days, respectively). Regarding de OSR group, a median hospital stay of 8 days was observed, 
with an interquartile range of 9 days (minimum and maximum values of 4 and 153 days, respectively). 
 
Mortality 

A total of 42 patients died during the follow-up period. Median follow up was 49 months (95% CI 
43-54 months). 

Overall survival (Figure 2) in the EVAR group was higher than in the OSR group at 30 days (100% 
vs. 94.9 ± 2.5%), at 12 months (95.9 ± 1.8% vs. 93.5 ± 2.8) and at 24 months (94.1 ± 2.2 vs. 90.6 ± 3.4). 
Global survival was similar at 36 months (89.0 ± 3.0 in EVAR vs. 88.9 ± 3.7 in OSR). Survival after EVAR was 
lower than after OSR thereafter (80.0 ± 4.2 vs. 84.6 ± 4.6% at 48 months, respectively). These differences 
did not present statistical significance nor before (OR for EVAR vs. OSR 1.598 95% CI 0.817-3.127, p=.171), 
neither after the introduction of the propensity score in the Cox regression model (adjusted OR 0.803 95% 
CI 0.588-1.099, p=.170). 
 
Aortic-related mortality 

There were 3 aortic-related deaths in the OSR group. Two of them were early deaths, that is, 
occurring in the first 30 days: one was an intra-operatory death due to uncontrollable hemorrhage and 
the second occurred in the post-operative period due to shock and multiorgan disfunction. The later death 
occurred 23 months after the index procedure due to aortic blow out syndrome, after removal of the 
infected abdominal prothesis. 

There were 4 aortic-related deaths in the EVAR group, all related to persistent endoleaks and sac 
enlargement: at 11 months after the index procedure, one death occurred during a reintervention where 
a fenestrated EVAR was planned due to proximal endoleak, where proximal migration of the first 
endoprosthesis occurred with visceral vessels occlusion; at 47 months, one death was attributed to the 
compression of the bile ducts possibly related to aneurysm sac enlargement; at 73 and 79 months, two 
patients presented with rupture and died.   

Survival free from aortic-related mortality (Figure 3) showed no significant difference between 
groups (p=.090), however, after adjustment with the propensity score, EVAR was a protective risk factor 
for aortic mortality versus OSR (OR 0.177 95% CI 0.092-0.338, p<.001). 
 



43PART I SPECIFICITIES OF THE EPIDEMIOLOGICAL TRANSITION OF ABDOMINAL AORTIC ANEURYSMS

MARINA F. DIAS NETO

 

Vascular reintervention 
In the OSR, 7 primary vascular interventions were performed in the first 30 days, mostly due to 

limb ischemia (3 embolectomies, 1 major amputation, and 2 bypasses to restore inflow to the limb). In 
one case of early graft infection, the patient was submitted to removal of the aortic graft and 
revascularization by an axillobifemoral bypass.  

In the EVAR group, early reinterventions were due to ischemia (1 embolectomy, 1 
axillounifemoral bypass and 1 axillobifemoral bypass) or endoleak (extension of the iliac coverage due to 
type Ib endoleak). 

Freedom from aortic reintervention was similar in the EVAR group versus OSR both before (OR 
for EVAR vs. OSR 1.036 95% CI 0.753-1.426, p=.828) and after the introduction of the propensity score in 
the Cox regression model (adjusted OR 1.148 95% CI 0.801-1.645, p=.452), Figure 4. 
 
Time trends 

Throughout the years under analysis, the proportion of EVAR among the repaired cases were not 
homogenous (p=.024). The higher proportions were registered in the most recent years (2014 and 2015), 
where EVAR was performed in more than 80% of the AAA cases (Figure 5). Complications (p=.014) and 
the 30-day mortality (p=.035) of the repaired cases were not homogenous throughout the years. The 
highest value was in 2009, where 31.8% of the cases had one or more complications, while lower 
proportions of complications occurred recently in 2014 and 2015 (6.9% and 6.1%, respectively). Similarly, 
the higher 30-day mortality was registered in 2010, where it reached 9.5%. Early mortality was null in 
2011 and during the last 3 years under analysis (Figure 5). 
When addressing time trends of 30-day mortality per type of repair, 30-day mortality after EVAR was 0% 
in the whole period under analysis. After OSR, mortality was not homogenous throughout the years 
(p=.035), dropping from 12% from 2009-2012 to 0% in 2013-2015. 

Variation of early reintervention did not reach statistical significance (p=.220). Other 
morphologic and clinical features such as maximum aortic diameter, age and propensity score did not 
vary significantly across time.  

 
Discussion 

 
This is a retrospective cohort of 211 patients submitted to AAA repair in a tertiary referral center, 

that covers seven years of experience, where EVAR gradually became the predominant type of repair, 
reaching 82% in 2015. Differences between EVAR and OSR among patients’ backgrounds are usually 
present in every-day practice, since EVAR started to be offered to older or physically frail patients in 
contrast to OSR patients, mostly preferred for younger patients with low operative risk. Despite these 
differences, EVAR resulted in significantly shorter hospital length of stay, lower respiratory and abdominal 
complications and similar non-adjusted mortality, aortic-related mortality and reintervention. After 
adjustment with a propensity score, to minimize the impact of the selection bias regarding the differences 
in patients’ demographic and clinical features might have in the studied outcomes, EVAR presented lower 
aortic-related mortality versus OSR. Accordingly, in the longitudinal analysis, the gradual EVAR adoption 
occurred along with lower complications and lower early mortality post AAA repair.  

Four major randomized trials – EVAR-1 [10], DREAM [11] and ACE [12] performed in Europe and 
OVER [13] trial in the USA - compared open and endovascular repair of AAAs. Three of them evinced 
marked advantage of EVAR with respect to 30-day mortality [10, 11, 13], while the ACE trial [12] revealed 
similar risk between both surgical techniques. This lower 30-day operative mortality in the EVAR group 
contributed to an early survival advantage in the first 6 months. However, this early benefit in total 
mortality of EVAR is gradually lost, namely after 1-2 years in the DREAM trial [11], 2 years in the EVAR-1 
trial [10] and 3 years in the OVER trial [13]. In the pooled analysis of the trials, the total mortality benefit 
in the EVAR group gradually decreased over time and by 5-years there was no difference between groups, 
with an estimated survival rate of 73.6% in both [14]. A more recent quantitative synthesis including seven 
RCTs reporting a total of 2983 patients [15] confirmed that EVAR compares favorably with OSR during the 
first six months but it carried an increased risk of aneurysm related mortality after eight years. The risk of 
secondary intervention (HR 2.13; 95% CI 1.69-2.68), aneurysm rupture (OR, 5.08; 95% CI 1.11-23.31), and 
death due to rupture (OR, 3.57; 95% CI 1.87-6.80) was significantly higher after EVAR, but the risk of death 
due to cancer was not significantly different between EVAR and open repair (OR, 1.03; 95% CI 0.84-1.25). 
These surprising results underlie the need for local reports with both short and long-term outcomes after 
AAA repair, reflecting the local decision making and cases selection, the focus of this study.  
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A stratification of patient’s co-morbidities is crucial for favorable clinical outcomes, since aspects 
such as age and ASA physical status can be regarded as risk factors and strong predictors of survival [16]. 
Before emerging as a first line option in the treatment of AAA [7], EVAR was first seen as an alternative 
for patients unfit for OSR. Even nowadays, the Society for Vascular Surgery Guidelines does not make any 
recommendation on the preferred method, emphasizing that information should be given to patients 
contemplating OSR or EVAR and their Vascular Quality Initiative perioperative mortality risk score [17]. 
This is evident in historical observational studies like this one, where EVAR patients are usually not only 
older [18] but also carry a higher incidence of concomitant disorders [19-22], that are more often 
deprecated for OSR. Despite clinical discrepancies, a composite outcome including all medical 
complications at 30 days revealed a higher index in the OSR versus EVAR. Recent observational studies 
reported significantly lower postoperative complications among patients who underwent EVAR, namely 
lower rates of acute bowel ischemia, renal and respiratory insufficiency [19] but also fewer rates of 
myocardial infarction and dysrhythmia in addition to inferior rates of acute kidney injury and respiratory 
failure [20]. AAA repair is a high-risk procedure which results in a severe surgical stress response. It is 
plausible that the lower rates of systemic complications after EVAR are due to a significantly higher 
incidence of systemic inflammatory response in OR than in EVAR patients [23]. Levels of IL-6, IL-8, cortisol 
and epinephrine are higher after OR especially when compared with those of EVAR. Accordingly, the 
median LOS was significantly shorter after EVAR than after OSR, in accordance with those reported in 
several observational studies. In fact, a single centre study conducted by Choi K. et al [18] reported a total 
LOS of 6.5 ± 6.8 in the EVAR group vs. 11.5 ± 13.1 days in the OSR group (p<.001). Similarly, a German 
study [19] presented a median post-operative LOS of 6 days (IQR 5-8) in the EVAR group versus 11 (9-15) 
days in the OSR group, which was observed in both older [21] and younger patients [20]. 

Consistent with these results, in many centers the strategy of risk-benefit assessment has been 
replaced by an EVAR-first approach, if the AAA is anatomically suitable. This strategy is corroborated by 
the recent guidelines from the ESVS recommend that in most patients with suitable anatomy and 
reasonable life expectancy, EVAR should be considered as the preferred treatment modality, being 
reasonable to suggest an OSR first strategy in younger, fit patients with a long life expectancy > 10-15 
years [7]. In our center, the gradual and more frequent use of EVAR occurred along with decreased 
complications and early mortality after AAA repair.  

ESVS guidelines received strong opposition from the NICE guidelines draft that propose not to 
offer EVAR to people with an unruptured infrarenal AAA if open surgical repair is suitable, even if the 
same guideline does recommend the treatment of ruptured AAA by EVAR, especially in women and men 
over the age of 70 years [24]. The argumentation for the OSR-first approach points out three uncertainties 
to EVAR.  

One of these uncertainties is that the increased use of EVAR could lead to higher reintervention. 
Reintervention rates after AAA repair vary widely in the literature, mostly because the report of the 
procedures considered as reinterventions is very heterogeneous, even among trials. In this study, 
freedom from primary vascular reintervention showed no differences among groups. Similar findings 
were reported in recent observational studies, including propensity weighted analysis [20, 21, 25]. Even 
so, significantly higher reintervention rates in the EVAR group were also described [18, 22]. On the other 
hand, a recent observational study showed a significantly lower rate of secondary intervention in the 
EVAR group (11% vs. 27%; p=.001), with type II endoleak repair being the most common reintervention 
after EVAR and incisional hernia repair the most common procedure after OSR [26]. Lastly, a meta-analysis 
of the four multicenter randomized trials of EVAR versus OSR reported higher overall rates of 
reintervention related to AAA in the EVAR group, mainly due to type II and type I endoleaks, [14]. Long 
term analysis, however, was based on few patients, was not statically powered, and did not appropriately 
capture re-interventions for open repair. Early endografts have shown a propensity toward device-related 
complications, such as material fatigue and migration, in extended follow-up. The current generation of 
endografts have been in use only for the past decade, but the long-term durability of these devices seems 
to have a clear dependence on adherence to the device instructions for use [27]. Many of the patients 
who were enrolled in the trials 15-20 years ago would probably be offered very different technical 
solutions, materials, and techniques today, retaining the early mortality/morbidity advantage and 
promising better durability [28]. Finally, the little evidence supporting the efficacy of secondary 
intervention for type II endoleaks after EVAR, lead to a marked reduction in this type of reintervention 
[29]. 

Another evoked uncertainty is what happens in the long-term. The median length of observation 
was almost 4 years, and during this time, there were no differences in global mortality, while adjusted 
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aortic-related mortality was lower in the EVAR group. Despite this, all aortic deaths in the EVAR group 
were late deaths attributed to endoleaks with sac enlargement. Only one late death occurred in the OSR 
group due to aortic “blow out” syndrome. In all late EVAR deaths, different degrees of failure in the 
compliance with the follow up imaging plan were identified. In one case, the aneurysm sac enlargement 
was identified but the female patient was deemed unfit for an elective attempt of endograft explant. The 
adoption of a simplified tailored follow up protocol in our department is recent and is not reflected yet in 
the present results. However, the optimization of the surveillance protocols into less troublesome but 
equally safe ones is expected to improve compliance and provide better long-term security, by identifying 
a large proportion of patients who may require less intensive or more rigorous follow up. 

Finally, a gradual adoption of EVAR is feared to impact on the mortality after OSR. First, cases 
that are not fit for EVAR may also perform worse after open repair [30, 31]. Patients with wider neck 
diameters may warrant a more aggressive management of their medical comorbidities to improve 
survival, as they are associated with a relative excess of cardiovascular mortality [31]. This was not verified 
in this study. In fact, the higher mortality rates after OSR were seen in the first half of the period and 
improved in the later, that is, gradual adoption of EVAR occurred along with reduction in 30-day mortality 
after OSR. This might be because, in certain violations of the instructions for use (IFU) during EVAR, like 
necks with severe angulation or high thrombus load in the proximal neck, results of outside IFU EVAR 
seem to match the results of inside IFU [32]. Also, patients with IFU violations were shown to have higher 
overall long-term survival with open surgery compared with EVAR [33]. Second, teams may be less 
prepared for OSR in the EVAR era. In a series from 1982 through 2016 covering 1572 repairs for AAA, 
Ammar AD et al demonstrated that the introduction of EVARs has not negatively impacted the in-hospital 
mortality for elective OSR for one vascular surgeon who completed training before EVARs became 
available [34]. In the period covered by this study, OSR were performed by teams that always included at 
least one vascular surgeon who completed training before EVARs became available. The impact of 
completing training of OSR in the EVAR era in the outcomes of OSR remains to be addressed in our center.  
 
Limitations 

Study limitations must be considered in interpreting these results and include the retrospective 
data collection and its inherent dependence on medical records. This is a single-center study narrowing 
the external validity of the results. Although attempts were made for adjustment based on relevant 
clinical and demographic features, a possible selection bias among patients who underwent OSR versus 
EVAR must be considered. Open surgical and endovascular repair groups may present conditioned 
comparability regarding aortic anatomy, as open surgical candidates are likely to be patients who have 
unfavorable aortic anatomy for EVAR [33]. Only vascular reinterventions were considered in the analysis. 
Abdominal hernia repairs were not considered because, despite 7% (7 out of 79) of OSR patients having 
abdominal hernia repair, these procedures were often performed in subsidiary hospitals and the precise 
date could not be ascertained which precluded the use of survival analysis. Likewise, access complications 
different from ischemia such as lymphocele were not considered as well, despite 0.8% (1 out of 132) EVAR 
patients presenting that complication, implying that in the OSR group, vascular reintervention is expected 
to be an under-estimation of the global reintervention rate.  
 
Conclusion 

 
In this retrospective cohort study EVAR was offered to older patients with amassed 

comorbidities. Still, better and durable outcomes were achieved after EVAR, favoring its continuous 
adoption for elective AAA repair. Tertiary referral centers must include open and endovascular surgery 
for AAA repair. EVAR is by no means a gold standard treatment for the majority of patients while OSR has 
an important role in the management of several subgroups.  
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Table 1. Clinical and demographic data. 
 

Characteristics, n (%) OSR EVAR Total p 
(n=79) (n=132) (n=211)  

Gender (male) 74 93.7 127 96.2  201 95.3  .400 
Age, years 67 9 74 7 71 9 <.001 
Tobacco No 20 26.7  38 31.1  58 29.4  .774 

Former smoker 25 33.3  34 27.9  59 29.9  
Active smoker 30 40.0  50 41.0  80 40.6  

Diabetes 
mellitus 

No 66 85.7  102 81.0  168 82.8  .215 
Diet or oral 
medication 

11 14.3  20 15.9  31 15.3  

Adult insulin 
dependent 

0 0.0  4 3.2  4 2.0  

Hypertension No 23 31.5  20 16.5  43 22.2  .004 
Regulated by 
monotherapy 

12 16.4  23 19.0  35 18.0  

Regulated by 2 
drugs 

28 38.4  38 31.4  66 34.0  

Regulated by >2 
drugs 

10 13.7  40 33.1  50 25.8  

Obesity 9 14.3  35 28.7  44 23.8  .029 
BMI, kg/m2 26.70 2.93 27.15 3.70 27.00 3.45 .532 
Coronary artery disease 15 21.1  39 32.0  54 28.0  .106 
History 
cardiac 
treatment 

No 64 85.3  82 69.5  146 75.6  .005 
PCI 8 10.7  17 14.4  25 13.0  
CABG 3 4.0  19 16.1  22 11.4  

Congestive heart failure 4 5.2  21 17.2  25 12.6  .013 
Carotid artery 
disease 

No 30 85.7  65 83.3  95 84.1  .463 
Asymptomatic 
significant 
stenosis 

1 2.9  1 1.3  2 1.8  

History of TIA 3 8.6  4 5.1  7 6.2  
Ischemic stroke 1 2.9  8 10.3  9 8.0  

Preoperative plasmatic creatinine, 
mg/dL 

1.28 1.52 1.09 .40 1.15 .97 .169 

Chronic renal 
failure* 

No 68 93.2  115 89.1  183 90.6  .882 
Mild  2 2.7  11 8.5  13 6.4  
Severe  0 0.0  2 1.6  2 1.0  
Terminal 3 4.1  1 0.8  4 2.0  

Peripheral 
arterial 
disease 

No or 
asymptomatic 

54 77.1  107 87.0  161 83.4  .077 

Intermittent 
claudication or 
Critical limb 
ischemia 

16 22.9 16 13.0  32 16.6  

COPD 10 13.3  40 32.8  50 25.4  .002 
ASA 2 31 47.0  33 28.0  64 34.8  .005 

3 33 50.0  74 62.7  107 58.2  
4 2 3.0  11 9.3  13 7.1  

Anticoagulants 5 6.8  19 15.1  24 12.1  .086 
Antiplatelet 35 48.6  81 63.3  116 58.0  .044 
Digoxin or lanoxin 2 2.8  3 2.5  5 2.6  .892 
Vasodilators 6 8.3  19 15.4  25 12.8  .152 
ACE inhibitors 25 34.7  50 41.0  75 38.7  .387 



49PART I SPECIFICITIES OF THE EPIDEMIOLOGICAL TRANSITION OF ABDOMINAL AORTIC ANEURYSMS

MARINA F. DIAS NETO

 

Diuretics 23 32.4  46 38.0  69 35.9  .433 
Calcium channel blockers 10 13.9  39 32.2  49 25.4  .005 
Beta blocking agents 18 25.0  51 42.1  69 35.8  .016 
Statin 42 62.7  91 75.8  133 71.1  .059 
Ever had abdominal surgery 14 18.9  34 29.6  48 25.4  .101 
Maximum transverse aortic 
diameter, cm 

6.27 1.59 6.13 1.53 6.18 1.55 .537 

Legend: ACE – angiotensin converting enzyme; ASA – American Society of Anaesthesiology’s Physical 
Status Classification System; BMI – body mass index; CABG – coronary artery bypass graft; COPD – chronic 
obstructive pulmonary disease; EVAR – endovascular repair; OSR – open surgery repair; PCI – 
percutaneous coronary intervention. 
*Chronic renal failure classes were defined as Mild if Serum Creatinine <2.10 μmol/L, severe if creatitine 
2.20-5.20 μmol/L, and terminal if Serum creatinine >5.20 μmol/L or dialysis/kidney transplantation 
dependent. 
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Table 2. Details of aneurysm repair. 
 

Legend: EVAR – endovascular aneurysm repair; FF – femoro-femoral; OSR – open surgical repair. 
  

Characteristics OSR 
(n=79) 

EVAR 
(n=132) 

Surgical 
Technique, n 

(%) 

Tubular aortic interposition 40 (50.6) - 
Aortofemoral bypass 24 (30.4) - 
Aortobiiliac bypass 15 (19.0) - 

   
EVAR with femoral cutdown - 100 (75.8) 

Percutaneous EVAR - 27 (20.4) 
Aorto-Uni-Iliac EVAR with FF 

bypass 
- 5 (3.8) 

Type of 
Anesthesia, 

n (%) 

Local with/without sedation 0 15 (12.1) 
Locoregional 0 91 (73.4) 

General 79 (100) 18 (14.5) 
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Table 3. Medical complications 30 days after repair.  

Legend: AMI – acute myocardial infarction, CABG – coronary arterial bypass grafting, CHF – congestive 
heart failure, PCI – percutaneous coronary intervention, TIA – transient ischemic attack, w – with, wt – 
without. 

 
 
 
 
 
 
  

Characteristics, n 
(%) 

OSR EVAR Total P value 
(N=79) (N=132) (N=121) 

AMI 3 3.8 5 3.8 8 3.8 1.00 
  w PCI 0 0.0 2 1.5 2 1.0  
  w CABG 0 0.0 1 0.8 1 0.5  
  wt intervention 3 3.8 2 1.5 5 2.4  
CHF 0 0.0 3 2.3 3 1.4 .296 
Cardiac arrest 0 0.0 1 0.8 1 0.5 1.00 
Stroke/TIA 1 1.3 4 3.0 5 2.4 .653 
Respiratory failure 12 15.4 2 1.5 14 6.7 <.001 
Renal failure 6 7.6 4 3.0 10 4.7 .181 
Abdominal  1 8.9 1 0.8 8 3.8 .005 
Composite 
outcome 

19 24.1 14 10.6 32 15.6 .009 
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Figure 1. Logistic regression model to predict the risk of undergoing EVAR repair including demographic 
and clinical variables that differ among groups of AAA repair in univariate analysis. Legend: AAA – 
abdominal aortic aneurysm, CHF – congestive heart failure, COPD – chronic obstructive pulmonary 
disease, EVAR – endovascular repair, OSR – open surgical repair, PCI/CABGB – percutaneous coronary 
intervention/coronary bypass graft. 
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Figure 2. Overall survival after AAA repair. Legend: AAA – abdominal aortic aneurysm, EVAR – 
endovascular repair, OSR – open surgical repair. 
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Figure 3. Freedom from aortic mortality after AAA repair. Legend: AAA – abdominal aortic aneurysm, EVAR 
– endovascular repair, OSR – open surgical repair. 
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Figure 4. Freedom from reintervention after AAA repair. Legend: AAA – abdominal aortic aneurysm, EVAR 
– endovascular repair, OSR – open surgical repair. 
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Figure 5. Time trends in 30-day mortality, complications and vascular reinterventions and well in the 
proportion of EVAR among repaired cases of AAA form 2009-2015. Legend: AAA – abdominal aortic 
aneurysm, EVAR – endovascular repair. 
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Abstract 
 
Objective: Results on the management of infrarenal abdominal aortic aneurysm (AAA) from 
Mediterranean countries are scarce. The aim of this study was to evaluate trends in rate of and mortality 
after repair of intact AAA (iAAA) in Portugal. 
Methods: iAAA repairs registered in the hospitals administrative database of the National Health Service 
from 2000 to 2015 were retrospectively analyzed regarding demographics (age and gender) and type of 
repair (open surgery [OS] or endovascular repair [EVAR]). Rate and mortality were compared among three 
time periods: 2000-2004, 2005-2009 and 2010-2015.  
Results: Age-standardized rate of iAAA repair increased consistently across the time periods under 
analysis from 3.6±0.6/100,000/year in 2000-2004, to 5.6±0.4/100,000/year in 2005-2009 and to 
7.1±0.9/100,000/year in 2010-2015 (p<0.001). The percentage of EVAR among all iAAA repairs rose 
steeply from 0 to 21±19% and then to 58±7% (p<0.001). The rate of OS also increased from the first to 
the second period, but there was a decrease in the third period (p<0.001). The in-hospital mortality after 
iAAA repair decreased from 7.5±1.3% to 6.6±1.6% and then to 5.1±1.9% (p<0.001). This variation 
corresponded to a decrease in in-hospital mortality after EVAR (from 4.0±3.5% to 2.8±0.9%, p<0.001) and 
increased in-hospital mortality after OS (7.5±1.3% to 7.4±1.1% to 8.3±3.7%, p<0.001). Low-volume centers 
(<15 repairs/year) did not present higher mortality rates. The number of EVARs per year in a centre 
presented a positive association with EVAR mortality (Spearman correlation of 0.696, p=0.004). 
Conclusion: The rate of repair of iAAA continues to grow, especially in patients ≥ 75 years old, and did not 
reach an inflection point yet. This is happening along with decreased repair mortality mainly due to the 
increased use of EVAR. Hospital mortality for iAAA repair is still a matter of concern, warranting further 
investigation and planning of vascular surgical services.   
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Introduction 
 
Abdominal aortic aneurysm (AAA)1 is a potentially lethal condition responsible for significant mortality, 
morbidity and cost to society. The current indications for treatment of AAA are well defined in the 
guidelines of the Society for Vascular Surgery (2018) and the European Society for Vascular Surgery (2019), 
that recommend elective repair if the maximum diameter is ≥5.5 cm in men and ≥5 cm in women 2,3. 
The AAA has experienced an epidemiological transition in Western countries, ranging from a former 
pattern consisting of high incidence and mortality to a more recent, characterized by a decrease in 
incidence and mortality by AAA 2,4. This epidemiological change has not been synchronized among all 
countries either between gender or age groups 4.  As a result, the prevalence data reported in different 
studies are often varying 5. Most important, the rates of AAA repair per 100,000 population are 
significantly more variable and its relationship with the disease frequency is not clear6. 
Important changes have had major impact on the management of AAA of the disease 7-9. The introduction 
of endovascular repair has extended the treatment to older patients10 and to patients who were not 
candidates to open surgery, despite the ongoing discussion of its cost-effectiveness. Additionally, 
improved perioperative care with more frequent use of locoregional anaesthesia and of percutaneous 
access improved the outcomes of AAA repair. A putative change in cardiovascular risk factors such as 
decreased smoking habits and more widespread use of cardioprotective drugs might also contribute 4,11-

13 to better results after repair.  
A reliable national assessment of trends of admission and mortality associated to AAA repair might give 
insight into the expected health care costs associated with the treatment of this disease. 
The objective of this manuscript is to assess trends in the rate of intact AAA (iAAA) repair, demographics 
and outcomes over a 16-year interval in Portugal. 
 
Methods 
 
All iAAA interventions performed during the period 2000 to 2015 were retrospectively identified in a 
National Health Service (NHS) administrative database, the hospital morbidity database, formerly 
designated as Diagnosis-Related Groups (DRGs) database. This database was provided by the Portuguese 
Central Health System Administration (CHSA) and contains a registration of all hospitalizations 
(retrospective consecutive case entry) occurring in public hospitals in mainland Portugal, where more 
than 90% of iAAA repairs are performed. The Portuguese health system is characterized by three co-
existing and overlapping systems: the NHS; special public and private insurance schemes for certain 
professions or companies (health subsystems); and private voluntary health insurance. All residents in 
Portugal have access to health care provided by the NHS, financed mainly through taxation. Public 
hospitals are funded through global budgets, but with an increasing role of DRGs, and private insurers and 
health subsystems pay providers. Private health care providers mainly fulfil a supplementary role to the 
NHS rather than providing a global alternative to it. Currently, the private sector mainly provides 
diagnostic, therapeutic and dental services, as well as some ambulatory consultations, rehabilitation and 
hospitalization 14. 
Each episode includes information about diagnoses (primary and secondary diagnoses) and medical or 
surgical procedures, both coded using the International Classification of Diseases, Ninth Revision, Clinical 
Modification (ICD-9). External audits are performed by the CHSA in order to verify the accuracy of the 
clinical coding performed at the NHS hospitals. The episode presents no disagreement when it respects 
ICD-9, Coding Clinic and national Consensus. The last one was in 2010 when a total of 4,510 episodes were 
audited in 44 hospital institutions. The results indicate that most disagreements among diagnoses, 
procedures and other administrative and demographic variables did not affect the respective grouping in 
the DRGs (mean percentage of disagreement was 13.7%, maximum of 26.5% and a minimum of 2.1%).  
All admissions considered have a primary diagnosis ICD-9 codes of 441.4 (Abdominal aneurysm without 
mention of rupture) or 441.9 (Aortic aneurysm of unspecified site without mention of rupture) for non-
ruptured AAA. The primary diagnosis of an episode represents the main condition investigated or treated 
during that hospital stay. Unspecified site of aortic aneurysms were included, in line with other studies 
11,15, to increase the chance that all abdominal lesions were captured in the analysis, while 
thoracoabdominal aneurysms were not, since they are more often related to genetic disorders which 
might interfere differently with their epidemiologic evolution. The rate of the repair was calculated based 
on the episodes of care with the above-mentioned disease ICD-9 codes plus the ICD-9 procedure codes 
suitable for AAA repair (Supplemental Table I). Admissions with a primary diagnose of iAAA that lacked an 
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ICD-9 procedure code suitable for AAA repair were excluded, assuming that no repair was performed 
during that hospital stay. General indication for iAAA repair in Portugal are a maximum transverse 
diameter ≥5.5cm in men and  ≥5.0 cm in women, as recommended by guidelines 2,3.  
The number of deaths accounted for all patients that fail to be discharged alive from the hospital 
admission where the repair took place, irrespective to the direct cause of death. The number of 
admissions for repair in which the patient died divided by the number of all admissions for repair was 
used as a proxy of in-hospital mortality due to iAAA. The number of the resident population in each year 
under analysis was provided by the National Institute of Statistics (INE) from 2000 to 2015. Resident 
population per year was used to calculate the rate of iAAA repair and the death associated with iAAA 
repair (thereafter mentioned as mortality to distinguish from the above-mentioned in-hospital mortality). 
In both databases, patients <50 years of age were excluded.  
The effect of the centre volume on outcome was assessed by a sensitivity analysis, where the impact of 
different cut-off numbers of iAAA repairs per year was tested in all repair, endovascular (EVAR) and open 
surgery (OS) mortalities.  
 
Ethics 
This study follows the principles of the Declaration of Helsinki (this research study involving is registered 
in ClinicalTrials.gov with the Identifier number NCT04085003). Because of the retrospective nationwide 
administrative nature of the data used in this study, Institutional Review Board approval was waived, and 
patient informed consent was not obtained.  
 
Statistics 
Data were calculated overall and for three time periods (2000-2004, 2005-2009 and 2010-2015) to assess 
the variations over time. Subgroups analysis was performed to investigate trend differences upon gender 
and age (< or ≥ 75 years old) as previously performed 11.  
To account for changes in the age structure of the population over time, age direct standardization was 
performed (using the World Health Organization, WHO, world standard population16) for iAAA rate and 
mortality. This option also makes the results comparable with international data that also used WHO 
standardization. 
Proportions were compared using the chi-square test. Changes in proportions over time were assessed 
using the chi-square test for trend. Normally distributed data were compared using one-way ANOVA. To 
adjust for multiple testing due to subgroup analysis p < 0.010 was considered significant. All statistical 
analysis was performed by using SPSS for Mac version 24 (SPSS, Armonk, NY: IBM Corp). 
 
Results 
 
Rate of iAAA repair 
A total of 3991 repairs of iAAA were identified in patients 50 years old or more, from 2000 to 2015. This 
corresponds to mean and standard deviation of age-standardized repair rate 5.5 ±1.6 per 100,000 
inhabitants per year. Demographic characteristics are shown in Table I. The age-standardized rate of iAAA 
repair increased consistently across the time periods under analysis from 3.67±0.6 per 100,000 
inhabitants per year in 2000-2004, to 5.6±0.4 in 2005-2009 and to 7.1±0.9 in 2010-2015 (p<0.001) (Figure 
1). 
Ninety-three per cent of the iAAA repair was performed in men (3722 of 3991) and this ratio did not 
change across time (p=0.771). The increasing rate of iAAA repair was verified in both gender subgroups 
being significant in men (p<0.001) but not in women (p=0.024). 
The percentage of patients ≥ 75 years old increased markedly from 30±2% in the first period to 39±3% 
and 43±3% in the second and third periods (p<0.001). In the more extreme age-band of equal or above 
80 years old, the percentage doubled from 10% in the first period to 20% in the last period (p<0.001). 
The increasing of iAAA repair was significant in both age subgroups (< and ≥ 75 years old). The rise in the 
age-standardized rates of iAAA repair in patients ≥ 75 years old was more evident, with specific rates 
varying from 6.1±1.3 per 100,000 inhabitants per year in 2000-2004 and 15.5±1.3 per 100,000 inhabitants 
per year in 2010-2015 (p<0.001). 
EVAR increased significantly across the two time periods (p<0.001). Due to lack of episodes coded for 
EVAR before 2006, the rate was set to null in 2000-2004. The rate of open surgery also increased from the 
first to the second period. However, there was a decrease in the third period, where the repairs went 
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down below those found in the first period (p<0.001). Indeed, the percentage of endovascular repairs 
among all iAAA repairs rose steeply from 21±19% to 58±7% (p<0.001).  
The preferred type of repair among the age bands < 75 and ≥ 75 years old per year of analysis are depicted 
in Figure 2. 
 
Mortality after iAAA repair per 100,000 inhabitants per year 
Despite more patients being operated on, mortality after repair experienced a non-similar variation (Table 
II and Figure 1). The age-standardized mortality after repair increased and then stabilized from 0.25±0.04 
per 100,000 inhabitants per year in 2000-2004, to 0.34±0.07 in 2005-2009 and to 0.32±0.06 in 2010-2015 
(p<0.001). Due to the use of standardization, this variation cannot be attributed to changes in the age 
bands of the Portuguese population over the period under analysis. Along with increasing use of EVAR, 
age-standardized mortality after EVAR increased from 0.03±0.03 per 100,000 inhabitants per year in 
2005-2009 to 0.10±0.03 per 100,000 inhabitants per year in 2010-2015 (p<0.001). On the other side, age-
standardized mortality due to open repair increased from 0.25±0.04 per 100,000 inhabitants per year in 
2000-2004 to 0.31±0.09 per 100,000 inhabitants per year in 2005-2009 and then decreased to 0.22±0.06 
per 100,000 inhabitants per year in 2010-2015 as, in recent years, less and less patients are treated by 
open surgery. 
In subgroup analysis, the variation of mortality after repair in males followed the global mortality among 
repaired cases with increasing and stabilization (p<0.001). In females, there was no change in the 
mortality over the three periods (p=0.218).   
Patients ≥ 75 years old also followed the increasing and stabilization pattern. However, in ages <75 years 
old, mortality decreased in recent years, after a former increase (p=0.002). 
 
In-hospital operative mortality of iAAA  
There was a decrease in in-hospital mortality from 7.5±1.3% to 6.6±1.6% and then to 5.1±1.9% due to 
iAAA repair (p<0.001). This variation corresponded to a decrease in the in-hospital mortality after EVAR 
(from 4.0±3.5% to 2.8±0.9%, p<0.001) and to an increased in-hospital mortality period after OS in the 
third time (7.5±1.3% to 7.4±1.1% to 8.3±3.7%, p<0.001) (Figure 1). 
In males, the in-hospital mortality follows the global trend with reductions from 7.3±1.5% in 2000-2004 
to 6.4±1.5% in 2005-2009 and to 4.9±2.2% in 2010-2015 (p<0.001).  
In-hospital mortality in female patients also follows the global trend from 10.9±6.4% in 2000-2004, to 
10.2±5.4% in 2005-2009 and 7.6±4.1% in 2010-2015 (p=0.008). However, in-hospital mortality in females 
was significantly higher than in males (p<0.001) (Figure 3A). 
The rates of in-hospital mortality in ages <75 years old were 6.9±2.3%, 5.5±1.8% and 4.0±0.7% (p<0.001). 
In the age band ≥ 75 years old, the rates of in-hospital mortality were 8.9±2.6%, 8.3±3.7% and 6.4±3.5% 
(p<0.001), remaining above the figures from younger patients (p<0.001) (Figure 3B).  
 
The volume of the centre 
The association between iAAA repair mortality and volume centre revealed that centres with ≥ 15 repairs 
per year presented higher rates of EVAR mortality (Figure 4). When addressed specifically, number of 
EVARs per year presented a positive association with EVAR mortality (Spearmen correlation of 0.696, 
p=0.004) (Figure 5). 
 
Discussion 
 
This study provides an assessment of the epidemiology of iAAA repair rate and treatment in a country 
where a AAA screening program is not formally implemented, offering a glimpse on the evolution of the 
disease beyond what is attributed to screening.  
In Portugal, the rate of repair of iAAA continues to grow, especially in patients ≥ 75 years old, and did not 
reach an inflection point yet. This is happening along with decreased repair mortality, in both age-bands 
<75 years old and ≥ 75 years old mainly due to the increased use of EVAR.  
The NHS administrative database that was provided by the Portuguese CHSA contains a registration of all 
hospitalizations occurring in public hospitals in mainland Portugal. Clinical codification at the hospital-
level is not generally undertaken by the surgeons who perform the cases. Instead, independent physicians 
with specific preparation for coding undertake that task independently, virtually eliminating selection 
bias. Furthermore, this database has funding purposes to the hospitals. This funding is attributed to 
hospitals according to number of hospitalizations, adjusted by their case-mix index that is DRGs-weighed. 
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Notably, this specificity also happens to ensure that no surgery remains to be included. Accuracy of the 
codification is guaranteed by proper training of the staff and external audits. 
The first question raised by the present data is why iAAA repair keeps rising if not fed by a screening 
program. These findings of increased repair are in line with other papers investigating the evolution of 
AAA epidemiology in European countries where screening is implemented: while in Australia and New 
Zealand, a decline in admissions and mortality due to iAAA have been documented since the nineties 8,15, 
in England and Wales decreased mortality was described along with increased iAAA admissions for repair 
11. The authors concluded that it was likely that the trends in England and Wales were trailing behind 
those of Australia and New Zealand, and, after this plateau stage, it could be anticipated that there would 
be a decline in overall iAAA repairs. In Sweden, a marked increase in the iAAA repair rate up to till 2010 
was verified 17. This was followed by stabilization, or even a decrease (if AAAs detected by screening are 
excluded) attributed to the reduced prevalence of the disease.  
If not due to screening, two reasons might contribute to the results obtained in this paper. First, increased 
availability of imaging techniques may contribute toward an increased diagnosis of incidental iAAA 11. 
Second, the increased use of EVAR in patients that otherwise would be denied for open surgery and 
treatment of an increasing number of patients with ≥ 75 years old. These figures, however, still lag behind 
those described in other European countries, even if a catching up effect is noticeable. While the mean 
standardized rate of iAAA repair was 5.5 per 100,000 inhabitants ≥ 50 years old (ranging from 3.6 in 2000-
2004, 5.6 in 2005-2009 and 7.1 in 2010-2015), the corresponding mean rates from Swedish Vascular 
Registry for iAAA repair were 19.1 per 100,000 inhabitants ≥ 50 years old per year in 2000-2004, 22.6 in 
2005-2009 and 27.3 in 2010-2014 17. The workload for iAAA repair detected is this analysis is thus 
approximately four times less, being a low rate of iAAA detection the most probable reason for that.  
A population screening initiative in men with age ≥ 65 years old with an eligible population of about 900 
males that took place in Portugal18 yielded a prevalence of 2.1%, that is well below of that described in 
the clinical trials supporting screening programs (prevalence of 4-7%) 19,20. However, the value found was 
also superior to the lowest prevalence found in the literature such as National Abdominal Aortic Aneurysm 
Screening Program established across the United Kingdom that reported 1.18%21 and the Swedish 
screening that detected a AAA prevalence of 1.7%22, showing a putative benefit of a national screening 
program. 
These findings might instead/additionally result from a lower prevalence of the AAA in the Portuguese 
population. Notably, data from INE shows that the diseases of the circulatory system cause relatively 
fewer deaths in Portugal than in the European Union-28 (EU-28)23. In 2015, the proportion of deaths due 
to these diseases was 29.8% in Portugal, and 36.7% in the EU-28. In contrast, in Portugal, there are 
relatively more deaths due to diseases of the respiratory system (in 2015, 12.4% of deaths in Portugal and 
8.5% of deaths in the EU-28) and, especially, due to diabetes mellitus (4.0% in Portugal vs. 2.3% in the EU-
28 in 2015). In the population ≥ 15 years-old, 19.58% were smokers in 2005 and 19.85% were smokers in 
2014 (INE reports). This hypothesis warrants further investigation since diabetes mellitus is a well-known 
protective factor for AAA presence and progression 24. Worth of note is that important AAA events may 
be reduced in patients with diabetes who are prescribed metformin, but not those with diabetes receiving 
other treatments, something that could not be addressed in this paper 25.  
Along with the increased repair, mortality associated with repair has been consistently decreasing. Both 
decrease open repair and increased endovascular repair contributed to decrease in mortality and hospital 
mortality. The lowest hospital mortality associated with iAAA repair was registered in 2010-2015 
corresponding to 5.1±1.9%. This value is still above than what was reported for the international Vascunet 
Database, where iAAA peri-operative mortality was described at 2.0-5.0% for all repairs, 1.8-5.5% for open 
repair and 0.3-3.0% for EVAR 26. A greater concern is open surgery, where an increasing in operative 
mortality was verified in the last period, probably due to the selection of cases to fit EVAR, resorting EVAR 
non-suitable patients to open repair. Patients with violations of the EVAR instructions for use might 
perform worse in terms of short-term perioperative mortality 27 when submitted to open surgery. As to 
EVAR, the recent decreasing in operative mortality suggests that the “learning curve”, of the procedure 
itself and the patients’ selection (at first more unfit patients or those that fall outside the indications for 
use), that potentially impacted the initial mortality has been overcome.  
Two subgroups of patients presented higher hospital mortality rates – those that are ≥ 75 years old and 
females. Despite presenting a downward trend, patients ≥ 75 years old presented higher mortality 
associated with both OS and EVAR. Notwithstanding, in the last period, differences between EVAR in 
patients ≥ 75 years old and in patients <75 years old were minimal and the improvements in the hospital 
mortality were due to EVAR as mortality related to open repair actually increased in the last period in 
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these subgroups of patients. This is in favour of a survival benefit for older patients treated with EVAR, as 
previously demonstrated 10. Recent European Society for Vascular Surgery AAA guidelines reporting on 
recent large population based registry studies from Europe and the USA also point out the sustained 
increased utilization of EVAR with a continued decrease in mortality and morbidity, despite older and 
more comorbid patients being treated by EVAR 2,3. 
The increased mortality detected in female patients compared to male patients was reported before in a 
systematic review and meta-analysis 28, with a pooled 30-day mortality of 2.3% after EVAR and 5.4% after 
OS, indicating that the management of AAA in women needs critical improvement. 
It has recently been shown that after EVAR, hospital volume is minimally associated with perioperative 
mortality, while after open AAA repair, surgeon and hospital volume are both strongly associated with 
mortality 29. Centres with a higher number of EVARs per year presented an unexpected positive 
association with EVAR mortality, possibly due to broader case selection for EVAR, with more severely 
diseased patients. Contrarily, small volume centres might be performing more straight forward cases, 
transferring complex cases to high-volume hospitals. This hypothesis deserves further investigation as this 
data cannot address directly the question.  
 
Limitations 
The NHS administrative database used in this paper is not of a prospective nature. Instead, it is a 
retrospective registry with reimbursement purposes fed by independent trained physicians, representing 
a well-defined image of the real-world situation. This database covers all hospitalizations occurring in 
public hospitals, but not in private hospitals. However, the number of repairs performed outside the 
public hospitals is <10% of all iAAA repairs, due to elevated costs associated with AAA treatment in the 
private setting. These cases are more often non-complex and presumably associated to equal or better 
outcomes. Besides demographic data, the databased did not capture some clinical information that could 
be relevant (such as the anatomy of the aneurysm). To overcome this limitation a hard outcome, 
mortality, was chosen for being less susceptible to miscoding. The code for EVAR was only created in 
October 2000 and it is possible that it took some time to be used, resulting in underestimation of AAA 
repair (mainly in the first part of the period under analysis); this implies that the increased repair might 
have been even more pronounced. Only the first admissions were considered, where the episode had 
both a primary diagnose code for AAA associated with a repair code corresponding to open or 
endovascular surgery. For that reason, readmissions for reinterventions such as endoleak repair were 
excluded in this analysis and our numbers do not reflect reinterventions but primary repairs only. 
Furthermore, ICD data was used rather than patient-level data which precluded adjustment of the results 
for the patients’ co-morbidities and medication. Finally, the present data cannot tell if the changes seen 
during this time period had any effect on total aneurysm-related mortality as no data on ruptures is 
presented. 
 
Conclusion 
 
In Portugal, the repair rate of iAAA continues to grow and an inflection point is not apparent yet. These 
figures lag behind those described in other European countries but a catching up effect is noticeable. The 
low number of iAAA repairs relates to a low detection rate, and a lower prevalence of AAA due to a high 
prevalence of diabetes cannot be discarded and warrants further investigation. This is happening along 
with decreased repair mortality mainly due to the increased use of EVAR, even if centres with a higher 
number of EVARs per year presented an unexpected positive association with EVAR mortality. Despite 
recent improvements, operative mortality for iAAA repair is still a matter of concern, justifying planning 
of the vascular surgical services. 
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Table 1. Patients characteristics and repair rate of intact abdominal aortic aneurysm (iAAA) across the 
three time periods. 
 

 
 
 
 
  

 2000-
2015 

2000-
2004 

2005-
2009 

2010-
2015 

trend p 

All cases (n) 3991 715 1226 2050 - - 

Cases/year (n) 249 143 245 342 -  

EVAR, n (%) 1462 
(36.6) 

- 270 
(22.0) 

1192 
(58.1) 

↗ <0.001 

Men, n (%) 3722  
(93.2) 

673 
(94.1) 

1134 
(93.2) 

1915 
(93.4) 

→→ 0.771 

≥ 75, n (%) 1574 217 
(30.0) 

483 
(39.4) 

874 
(42.6) 

↗↗ <0.001 

≥ 80, n (%) 681 74 (10.3) 186 
(15.2) 

421 
(20.5) 

↗↗ <0.001 

Standardized rate per 100,000/y, 
mean (SD) 

5.52 
(1.65) 

3.57 
(0.63) 

5.55 
(0.40) 

7.13 
(0.90) 

↗↗ <0.001 

EVAR, standardized rate per 
100,000/y, mean (SD) 

1.82 
(1.86) 

0 1.49 
(1.09) 

3.91 
(0.64) 

↗ <0.001 

OR, standardized rate per 
100,000/y, mean (SD) 

3.70  
(0.83) 

3.57 
(0.63) 

4.41 
(0.73) 

3.22 
(0.69) 

↗↘ <0.001 

Men, standardized rate per 
100,000/y, mean (SD) 

11.86 
(3.58) 

7.66 
(1.34) 

11.86 
(0.87) 

15.36 
(2.00) 

↗↗ <0.001 

Women, standardized rate per 
100,000/y, mean (SD) 

0.59 
(0.20) 

0.36 
(0.16) 

0.65 
(0.14) 

0.72 
(0.09) 

↗↗ <0.001 

< 75 yo, standardized rate per 
100,000/y, mean (SD) 

4.56 
(1.27) 

3.15 
(0.53) 

4.28 
(0.31) 

5.77 
(0.91) 

↗↗ <0.001 

≥ 75 yo, standardized rate per 
100,000/y, mean (SD) 

11.39 
(4.18) 

6.10 
(1.31) 

11.82 
(1.25) 

15.46 
(1.30) 

↗↗ <0.001 
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Table 2. Age-standardized rates of mortality per 100,000 inhabitants ≥ 50 years old per year, after repair 
of intact AAA (iAAA) across three time periods. 
 

 2000-
2015 

2000-
2004 

2005-
2009 

2010-
2015 

trend p 

All deaths (n) 233 53 80 100 - - 

Deaths/year (n) 14 11 16 17 - - 

Rate per 100,000/y, mean (SD) 0.39 
(0.10) 

0.31 
(0.05) 

0.44 
(0.09) 

0.42 
(0.11) 

↗→ <0.001 

Standardized rate per 100,000/y, 
mean (SD) 

0.30 
(0.07) 

0.25 
(0.04) 

0.34 
(0.07) 

0.32 
(0.06) 

↗→ <0.001 

EVAR, standardized rate per 
100,000/y, mean (SD) 

0.05 
(0.05) 

0 0.03 
(0.03) 

0.10 
(0.03) 

↗ <0.001 

OS, standardized rate per 100,000/y, 
mean (SD) 

0.26 
(0.07) 

0.25 
(0.04) 

0.31 
(0.09) 

0.22 
(0.06) 

↗↘ <0.001 

Men, standardized rate per 
100,000/y, mean (SD) 

0.64 
(0.16) 

0.54 
(0.07) 

0.72 
(0.14) 

0.67 
(0.20) 

↗→ <0.001 

Women, standardized rate per 
100,000/y, mean (SD) 

0.05 
(0.03) 

0.03 
(0.02) 

0.05 
(0.03) 

0.06 
(0.04) 

→ 0.279 

< 75 yo, standardized rate per 
100,000/y, mean (SD) 

0.22 
(0.05) 

0.20 
(0.05) 

0.24 
(0.07) 

0.21 
(0.02) 

↗↘ 0.002 

≥ 75 yo, standardized rate per 
100,000/y, mean (SD) 

0.83 
(0.41) 

0.56 
(0.26) 

0.95 
(0.40) 

0.96 
(0.46) 

↗→ <0.001 
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Table 3. In-hospital mortality after repair of intact AAA (iAAA) across three time periods. Percentages are 
depicted as mean ± standard deviation of yearly percentages of the period. 
 

 2000-2004 2005-2009 2010-2015 trend p 
All repairs, % 7.5±1.3 6.6±1.6 5.1±1.9 ↘↘ <0.001 
EVAR, % - 4.0±3.5 2.8±0.9 ↘ <0.001 
OS, % 7.5±1.3 7.4±1.1 8.3±3.7 →↗ <0.001 
Men, % 7.3±1.5 6.4±1.5 4.9±2.2 ↘↘ <0.001 
Women, % 10.9±6.4 10.2±5.4 7.6±4.1 ↘↘ 0.008 
< 75 yo, % 6.9±2.3 5.5±1.8 4.0±0.7 ↘↘ 0.002 
≥ 75 yo, % 8.9±2.6 8.3±3.7 6.4±3.5 ↘↘ <0.001 
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Figure 1. Age-standardized incidence of repair of iAAA (A) and of deaths (B) over time per 100,000 
residents ≥ 50 years of age. Percentage of hospital mortality among different types of iAAA repair over 
time (C). 
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Figure 2. Age-standardized incidence of open (OS) and endovascular (EVAR) repair of iAAA over time per 
100,000 inhabitants ≥ 50 years of age in two age groups of patients < 75 (A) and ≥ 75 years old (B). 
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Figure 2. Age-standardized incidence of open (OS) and endovascular (EVAR) repair of iAAA over time per 
100,000 inhabitants ≥ 50 years of age in two age groups of patients < 75 (A) and ≥ 75 years old (B). 
 
 
 

 
 
 

 

  

 

 

Figure 3. Percentage of hospital mortality among different types of iAAA repair per gender (A) and per 
age bands bands <75 and ≥ 75 years old (B) over time. 
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Figure 4. Association between iAAA repair rates (cases per year) in a center and repair mortality: all repairs 
(A), EVAR (B) and OS (C). 

 
 
 
 
 
 
 
 
 
Figure 5. Correlation between the rate of EVAR per year in a center and EVAR mortality.  
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Supplemental Table 1. Details of the Portuguese health system. 
 

 
 
 
  

Portuguese health 
system 

The Portuguese health system is characterized by three co-existing and 
overlapping systems:  
 

a) National 
Health System 
(NHS) 

All residents in Portugal have access to health care provided by the NHS, 
financed mainly through taxation. 

b) Health 
subsystems 

Special public and private insurance schemes for certain professions or 
companies. 

c) Private voluntary 
health insurance 

Mainly fulfil a supplementary role to the NHS rather than providing a global 
alternative to it. Currently, the private sector mainly provides diagnostic, 
therapeutic and dental services, as well as some ambulatory consultations, 
rehabilitation and hospitalization. 
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Supplemental Table 2. Details of the hospital morbidity database formerly designated as Diagnosis-
Related Groups (DRGs) database. 
 

 
 
 
  

Former name Diagnosis-Related Groups (DRGs) database 
Provider Portuguese Central Health System Administration (CHSA) 
Content Registration of all hospitalizations occurring in public hospitals in mainland 

Portugal. 
Registry Retrospective consecutive case entry. 
Coding system International Classification of Diseases, Ninth Revision, Clinical Modification 

(ICD-9-CM), Coding Clinic and national Consensus 
Who undertakes 
coding 

Clinical codification at the hospital-level is undertaken by independent 
physicians with specific preparation for coding. 

External audits Performed by the CHSA in order to verify the accuracy of the clinical coding 
performed at the NHS hospitals. The episode presents no disagreement when it 
respects International Classification of Diseases, Ninth Revision, Clinical 
Modification (ICD-9-CM), Coding Clinic and national Consensus. The last one was 
in 2010 when a total of 4,510 episodes were audited in 44 hospital institutions. 
The results indicate that most disagreements among diagnoses, procedures and 
other administrative and demographic variables did not affect the respective 
grouping in the DRGs (disagreement mean:13.7%, 26.5% maximum and 2.1% 
minimum).  

Main aim Reimbursement is attributed to hospitals according to number of 
hospitalizations, adjusted by their case-mix index.  



77PART I SPECIFICITIES OF THE EPIDEMIOLOGICAL TRANSITION OF ABDOMINAL AORTIC ANEURYSMS

MARINA F. DIAS NETO 

 

Supplemental Table 3. ICD-9-CM diagnostic and procedure codes suitable but not specific for intact 
abdominal aortic aneurysm. 
 

 
 
 
 

Diagnostic Codes 441.4 Abdominal aneurysm without mention of rupture 
441.9 Aortic aneurysm of unspecified site without mention of rupture 

Procedure Codes  
Open repair 
 

38.34 Resection of vessel with anastomosis, aorta, abdominal 
38.40 Resection of vessel with replacement, unspecified site 
38.44 Resection of vessel with replacement, aorta, abdominal 
38.60 Other excision of vessel, unspecified site 
38.64 Other excision of vessel, aorta, abdominal  
39.25 Aorta-iliac-femoral bypass 
39.51 Clipping of aneurysm 
39.52 Other repair of aneurysm  
39.56 Repair of blood vessel with tissue patch graft 
39.57 Repair of blood vessel with synthetic patch graft 

Endovascular repair 39.71 Endovascular implantation of graft in abdominal aorta 
39.79 Other endovascular repair (of aneurysm) of other vessels 
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What this study adds 
 
The overall mortality of ruptured abdominal aortic aneurysm (rAAA) depends both on prevalence of 
disease, as well as mortality before and after hospital admission. In the current paper, the mortality 
related to rAAA was studied in Portugal based on national registries. Admission, repair and mortality due 
to rAAA seem to have reached a peak and have been recently decreasing (2010-2015). At the same time, 
a gradual increased adoption of endovascular repair for ruptures was verified. Mortality outside the 
hospital is still a matter of concern, warranting further planning of streamlined transfer networks and 
vascular surgical departments. 
 
Abstract  
 
Objective: Ruptured abdominal aortic aneurysm (rAAA) is a lethal condition that requires acute repair to 
prevent death. This analysis aims to assess the nationwide trends in rAAA admission, repair and mortality 
in a country without national screening for AAA, Portugal. 
Methods: rAAA registered in the hospital administrative database of the National Health Service, as well 
as all nationally registered deaths due to rAAA based on death certificate data were analyzed. Three-time 
periods (2000-2004, 2005-2009 and 2010-2015) were compared in patients ≥50 years-old to assess the 
variations over time. 
Results: A total of 2275 patients ≥50 years-old with rAAA were identified in the two databases from 2000 
to 2015. The age-standardized incidence of rAAA was 2.78±0.24/100,000/year in 2000-2004, 
3.17±0.39/100,000/year in 2005-2009 and 3.21±0.28/100,000/year in 2010-2015 (p<.001). 
When comparing the time periods 2000-2004 to 2005-2009, the age-standardized rate of admission 
(n=1460) increased from 1.57±0.25/100,000/year to 2.24±0.32/100,000/year (p<.001). The operative 
mortality rates decreased during this time period (from 55.3±4.7% to 48.8±4.7%, p<.001). In 2010-2015, 
the age-standardized rate of admissions due to rAAA decreased (1.98±0.22/100,000/year). Operative 
mortality remained stable (48.9±6.2%). 
The rate of patients that died outside the hospitals decreased from the first to the second period 
(1.21±0.10/100,000/year and 0.93±0.29/100,000/year, respectively) but had a later increase 
(1.14±0.22/100,000/year). This resulted in a higher overall rAAA-related mortality in Portugal in the third 
period (2.20±0.18/100,000/year, 2.21±0.27/100,000/year and 2.26±0.26/100,000/year in 2000-2004, 
2005-2009 and 2010-2015, respectively, p<.001).  
Conclusion: Overall, the incidence of rAAA in Portugal is stable over the past 10 years. The rates of 
admission, repair and mortality due to rAAA repair seems to have reached an inflection point and are now 
decreasing. Mortality outside the hospital is still a matter of concern, warranting further planning of 
streamlined transfer networks and vascular surgical departments.  
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Abstract		

	

Objective:	 Ruptured	 abdominal	 aortic	 aneurysm	 (rAAA)	 is	 a	 lethal	 condition	 that	

requires	 acute	 repair	 to	 prevent	 death.	 This	 analysis	 aims	 to	 assess	 the	 nationwide	

trends	in	rAAA	admission,	repair	and	mortality	in	a	country	without	national	screening	

for	AAA,	Portugal.	

Methods:	rAAA	registered	in	the	hospital	administrative	database	of	the	National	Health	

Service,	as	well	as	all	nationally	registered	deaths	due	to	rAAA	based	on	death	certificate	

data	were	analyzed.	Three-time	periods	(2000-2004,	2005-2009	and	2010-2015)	were	

compared	in	patients	≥50	years-old	to	assess	the	variations	over	time.	

Results:	A	 total	of	2275	patients	≥50	years-old	with	 rAAA	were	 identified	 in	 the	 two	

databases	 from	 2000	 to	 2015.	 The	 age-standardized	 incidence	 of	 rAAA	 was	

2.78±0.24/100,000/year	 in	 2000-2004,	 3.17±0.39/100,000/year	 in	 2005-2009	 and	

3.21±0.28/100,000/year	in	2010-2015	(p<.001).	

When	comparing	the	time	periods	2000-2004	to	2005-2009,	the	age-standardized	rate	

of	 admission	 (n=1460)	 increased	 from	 1.57±0.25/100,000/year	 to	

2.24±0.32/100,000/year	(p<.001).	The	operative	mortality	rates	decreased	during	this	

time	period	(from	55.3±4.7%	to	48.8±4.7%,	p<.001).	In	2010-2015,	the	age-standardized	

rate	 of	 admissions	 due	 to	 rAAA	 decreased	 (1.98±0.22/100,000/year).	 Operative	

mortality	remained	stable	(48.9±6.2%).	

The	 rate	 of	 patients	 that	 died	 outside	 the	 hospitals	 decreased	 from	 the	 first	 to	 the	

second	period	(1.21±0.10/100,000/year	and	0.93±0.29/100,000/year,	respectively)	but	

had	a	 later	 increase	(1.14±0.22/100,000/year).	This	resulted	in	a	higher	overall	rAAA-

related	 mortality	 in	 Portugal	 in	 the	 third	 period	 (2.20±0.18/100,000/year,	

 

 

Introduction 
 
Despite recent technical advances, ruptured abdominal aortic aneurysm (rAAA) still accounts for 
significant mortality 1. Rupture is often the presenting feature, and without emergent surgery, mortality 
is close to 100%. Overall mortality after repair is estimated at 28.8% (27.9-29.8), 32.1% (31.0-33.2) for 
open surgical repair (OSR) and 17.9% (16.3-19.6) for endovascular repair (EVAR) 2. Being mostly 
asymptomatic before rupture, its detection relies on incidental findings on image studies performed for 
other reasons. Population screening for abdominal aortic aneurysm (AAA) has been shown to effectively 
reduce rAAA mortality, and national screening programs for AAA are currently implemented in Sweden, 
the United Kingdom, and the United States 3-5. An association between screening programs and decrease 
mortality due to AAA has been demonstrated 3,6-8, but its efficacy might depend on certain conditions like 
the subpopulation screened, the healthcare and reimbursement systems 9,10. 
Epidemiological studies from United Kingdom, Finland and Sweden suggest that a decrease in the 
prevalence of the disease itself may have contributed to the drop in mortality rates to AAA even in 
absence of screening 11-13. This decrease in the prevalence of the disease has been mainly credited to 
reduced smoking rate and change in cardiovascular risk factors as well as more widespread use of 
cardioprotective drugs 13-16. The potential effect of EVAR on rAAA mortality remains under debate. While 
randomized controlled trails have not shown short-term survival benefit of EVAR for ruptures17, a possible 
advantage might come from the fact that older patients are more often treated with EVAR in the 
endovascular era resulting in a reduction in turn-down rate12, with better short-term survival than after 
OSR in registry studies18. 
Whilst most of the studies of AAA epidemiology are performed in the Northern European and US setting, 
data suggest that disease burden related to AAA has significant geographical variations14. There is a 
paucity of data regarding the epidemiological transition in South of Europe, where factors affecting AAA 
prevalence such as smoking habits vary compared to Northern Europe19.  
At country-level, a comprehensive national assessment of trends in AAA epidemiology may identify the 
need for further protocoled approaches and give insight into the expected health care costs associated 
with the treatment of this disease. The objective of this analysis is to assess the trends in rAAA rates of 
admission, repair and mortality in Portugal. 
 
Methods 
 
Study design 
All rAAA admissions and interventions performed during the period 2000 to 2015 were retrospectively 
identified in a National Health Service (SNS) administrative database formerly designated as Diagnosis-
Related Groups (DRGs) database. This database was provided by the Portuguese Central Health System 
Administration (ACSS) and contains a registry of all hospitalizations (retrospective consecutive case entry) 
occurring in mainland Portugal public hospitals, where all rAAA repairs are performed. This is a mandatory 
registry for hospital reimbursement. All Portuguese residents have access to health care provided by the 
SNS, financed mainly through taxation. Private health care providers mainly fulfil a supplementary role to 
the SNS rather than providing a global alternative to it, providing mainly diagnostic, therapeutic and 
dental services, as well as some ambulatory consultations, rehabilitation and hospitalization 20.Over the 
period of the study, fourteen centers provided rAAA repair, mainly located in the North and Center of the 
coastal Western regions of Portugal. 
Each registered hospital episode includes information about diagnoses and medical or surgical 
procedures, both coded using the International Classification of Diseases, Ninth Revision, Clinical 
Modification (ICD-9-CM). External audits are performed by the ACSS to verify the accuracy of the clinical 
coding performed at SNS hospitals. The episode presents no disconformity when it respects ICD-9-CM, 
Coding Clinic and National Consensus. The last one was in 2010 when a total of 4,510 episodes were 
audited in 44 hospital institutions. The results indicate that nonconformities among diagnoses, 
procedures and other administrative and demographic variables in general did not affect the respective 
DRGs grouping (nonconformities mean: 13.7%, 26.5% maximum, 2.1% minimum) 21. The manuscript 
follows the RECORD statement22, extended from the STROBE statement 23.  
Data collection 
All admissions considered to have a primary diagnosis with specific ICD-9-CM code for rAAA 
(Supplemental Table I) were included in this analysis. The primary diagnosis of an episode represents the 
main condition investigated or treated during that hospital stay. Aortic aneurysms at unspecified site were 
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included, in line with other studies 13,24, to increase the chance that all abdominal lesions were captured 
in the analysis. Thoracoabdominal aneurysms were excluded. The repair rate was calculated based on the 
episodes of care with the above-mentioned ICD-9-CM disease codes plus the ICD-9-CM procedure codes 
suitable for AAA repair (Supplemental Table I). Due to lack of the specific ICD9-CM code for EVAR before 
2000, the first period of the analysis was set to null to avoid the early years of the EVAR code use.  
Admissions with a primary diagnosis of rAAA that lacked an ICD-9-CM procedure code suitable for AAA 
repair that were discharged alive were confirmed as transfers between hospitals. Admissions with a 
primary diagnosis of rAAA that lacked an ICD-9-CM procedure that were discharged as deceased were 
considered as patients that died at arrival to the hospital prior to repair attempt, or that were turned 
down for surgery. 
The number of admissions with repair in which the patient died divided by the number of all admissions 
with repair was considered as operative mortality due to rAAA. All hospital deaths for patients with a 
rAAA diagnosis were considered as rAAA-related deaths, irrespective to the direct cause of death. The 
hospital mortality, however, is an underestimation of the national rAAA-related mortality as it only 
includes patients presenting alive to a hospital. To overcome this limitation, death certificate with rAAA-
specific mortality was provided from the National Institute of Statistics (INE) from 2000 to 2015. INE 
database used ICD-9-CM classification from 2000 to 2001 and the Tenth Revision (ICD-10) thereafter. Both 
databases present episode-related data retrievable through ICD codes. In INE data, the episode is death 
and includes deaths outside the hospital as well as those certified at the hospitals. In SNS administrative 
database, each episode refers to a hospitalization. The resident population in each year under analysis 
was also provided by the INE from 2000 to 2015. Resident population per year was used to calculate the 
rate of rAAA admission, repair and mortality. In both databases, individuals <50 years of age were 
excluded. Gender subgroups were provided only for patients presenting to the hospital. 
Statistical Analysis 
Data were calculated overall and for three periods (2000-2004, 2005-2009 and 2010-2015) to assess 
variations over time. Besides the frequency of episodes/cases per year. gender and age were available in 
the SNS database; age but not gender was available in INE database. There were no missing cases. 
Subgroup analysis was performed to investigate trend differences based on sex and age (< or ≥75 years-
old) as previously performed 13.  
To account for changes in the age structure of the population over time, age direct standardization was 
performed (using the World Health Organization world standard population25). All rates of admission and 
mortality were presented as age-standardized data. Age-standardized rate of admission refers to all rAAA 
that arrived at the hospital for one year, including those that die without an attempt to repair plus those 
with an attempt to repair, divided by the nationwide population during that year. Age-standardized 
incidence refers to all know cases of rAAA for one year, that is, all rAAA that arrive to the hospital (as 
defined above) plus all rAAA cases that die without reaching the hospital, divided by the nationwide 
population during that year. 
Continuous variables are presented as mean ± standard deviation, after histogram inspection. Proportions 
were compared using the chi-square test. Changes in proportions over time were assessed using the chi-
square test for trend. Normally distributed data were compared using one-way ANOVA. Bonferroni 
correction was used to adjust for multiple testing. Furthermore, to adjust for subgroup analysis p<.01 was 
considered significant. All statistical analysis was performed using SPSS for Mac version 24 (SPSS, Armonk, 
NY: IBM Corp). 
 
Results 
 
A total of 2275 patients ≥50 years-old with rAAA were identified in the two databases from 2000 to 2015 
(Figure 1), after removal of the duplicates.  
 
Incidence of rAAA 
The age-standardized incidence of rAAA increased from 2000-2004 to 2005-2009, and remained stable 
after that in 2010-2015 (p<.001) (Table 1 and Figure 2). In the subgroup of patients <75 years-old, the age-
standardized incidence declined in the third period (p<.001) while it increased in patients ≥75 years-old 
(p<.001). A total of four hundred three (18%) cases were <65 years old, i.e. below the recommended age 
for AAA screening. 
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rAAA presenting to the hospital 
A total of 1460 hospital admissions due to rAAA were identified in patients ≥50 years old (Table 1). The 
age-standardized admission rate per 100,000 inhabitants increased from 2000-2004 to 2005-2009 and 
then decreased in 2010-2015 (p<.001) (Figure 2).  
Fifty per cent of admitted patients (735) were ≥75 years, while 426 (29%) were ≥80 years. The proportion 
of patients with ≥75 years-old arriving to hospital presented a marked and significant increase in the third 
period (p<.001) (Table 1). 
 
rAAA undergoing repair 
From all the admissions, the age-standardized rate of non-intervention also followed a rise-fall pattern 
(Figure 2). Overall, 22±4% of the admitted patients did not undergo repair (Table 1). The proportion was 
35.4±17.4% in women, and 19.8±4.0% in men (p<.001). The proportion was also higher in patients ≥75 
years versus <75 years-old (27.5±7.6% vs. 15.7±5.6%, p<.001). Over time, the proportion of patients not 
undergoing repair increased (<.001).  
 
rAAA mortality 
Overall, 75.2±4.7% patients having a rAAA died before reaching the hospital or during the hospitalization 
(Table 2). The rAAA age-standardized mortality was stable between the first and second time period, and 
increased slightly in the third period (Table 2). In a subgroup analysis, the increase in age-standardized 
mortality in the third period occurred among ≥75 years-old (Table 2). This increase was primarily related 
to an increase in rAAA deaths outside the hospital, (Table 2 and Supplemental Figure 1). The age-
standardized mortality for patients admitted to hospital (repaired or not) however decreased in the final 
time period, Table 2.  
Operative mortality after rAAA repair decreased from 55±5% in 2000-2004 to 49±5% in 2005-2010 
(p<.001) and then a stabilized in 2010-2015 with 49±6% (Supplemental Figure 1). This later stabilization 
phase corresponded to an increase in operative mortality due to OSR (55±5% to 48±5% to 54±6%, p<.001) 
compensated by a decrease in operative mortality after EVAR (from 75±24% in the second to 29±11% in 
the third period, p<.001) (Supplemental Figure 2). 
In the subgroup of males, the operative mortality dropped from 55±4% in 2000-2004 to 47±7% in 2005-
2009 (p<.001) and remained stable in 2010-2015 (48±6%, p=.034). Operative mortality in female patients 
did not vary significantly during the time but global figures in females were significantly higher than in 
males (50±6% vs 53±20%, p<.001) (Figure 3). 
The rates of operative mortality in ages <75 years old decreased from 47±6% to 38±6% (p<.001) and then 
remained constant (38±8%). In the age band ≥ 75 years old, the rates of operative mortality were 65±6%, 
61±10% and 61±8% (p<.001). Mortality in the elderly cohort was thus higher than in patients <75 years 
old (p<.001) (Supplemental Figure 3). 
 
Discussion 
 
In this study, a nationwide evaluation was performed on the incidence, admission, repair and mortality 
due to rAAA over 16 years. This study found that, overall, the incidence of rAAA in Portugal increased 
from 2000-2004 to 2005-2009, and stabilised thereafter. The decreased incidence of disease verified in 
Western countries 11-13,26 is still offset by an increased incidence of the elder population. Overall, the 
number of rAAA cases per year has increased. Despite an improved perioperative mortality, and an 
increased repair rate among younger patients presenting with rAAA to hospital, the overall death rate per 
100,000 inhabitants has increased over the past years. This is due to the fact that an increasing number 
of deaths due to rAAA are registered among patients not presenting to hospital.  
A direct comparison of the rates of rAAA admission among other reports is made more difficult by the 
fact that studies tend to report non-standardized rates, representing different subgroups of age and 
gender. Nevertheless, the rates reported in this study lag behind those described in other reports as 
previously noted27. This might be because a great number of patients do not reach the hospital, due to a 
lower prevalence of the disease in Portugal or related to external validity of the databases. A population 
screening initiative in men ≥65 years-old with an eligible population of about 900 males that took place 
in Portugal 28 yielded a prevalence of 2.1%. In countries where national screening is formally implemented, 
prevalence rates were as low as 1.2% in England29  and 1.7% in Sweeden10. An increasing number of 
elective operations, due to increased use of imaging resulting in the incidental detection of AAA 3,6,7, may 
partly explain the decrease in rAAA incidence. Nevertheless, countries with higher rates of elective AAA 
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treatment may not have fewer ruptured AAA repairs27. In a recent systematic review, the country with 
the lowest number of elective treatments (Hungary) also has the lowest rate of emergency repairs (0.5 
per 100,000) and the country with the highest rate of intact repairs (Germany) was also one of the 
countries with a higher number of ruptured AAAs (2.7 per 100,000). Further reduction of rAAA mortality 
might require the identification and surgical treatment of more asymptomatic patients before AAA 
rupture through screening, although formal studies in the Portuguese population are needed to address 
its benefit.  
One might hypothesize that the widespread dissemination of the endovascular technology in older 
patients in the emergent setting might have contributed to improved survival among patients undergoing 
repair 30, nevertheless further evidence is needed to address that. In a meta-analysis that included twenty-
four adjusted observational studies and 4 RCTs enrolling a total of 56,826 patients with rAAA32, pooled 
analysis demonstrated a statistically significant 49% reduction in perioperative all-cause mortality with 
EVAR relative to OSR in observational studies and no statistically significant difference between EVAR and 
OSR in RCTs. Like in other observational studies, the use of EVAR was associated to lower operative 
mortality both in male and female patients in the current cohort. Interestingly, during the introduction of 
EVAR for rAAA in Portugal, the mortality of this procedure was excessively high. It is possible that this 
corresponds to wider use of the new minimally invasive technique mainly in patients that were unable to 
tolerate OSR due to comorbidities, or due to the learning curve of the new technology, as in cases of EVAR, 
a significant decrease both in the in-hospital mortality and length of stay with experience accumulated at 
the hospital level was observed for EVAR 33. Over time, however, operative mortality of EVAR for rAAA 
has stabilized at a low level, while the operative mortality after OSR has been increasing in the third 
period. Data from the American College of Surgeons’ National Quality Improvement Program database 
showed that for all rAAAs with hypotension, OSR had increased mortality compared to EVAR (p<.0004)34. 
It is possible that higher mortality with OSR was due to selection bias where patients with hypotension or 
more complex are more prone to undergo OSR. Despite the widespread use of endovascular technology 
in elective cases, EVAR was used only in 11% of all emergent cases, or 1 EVAR to 7.5 OSR cases. These 
odds are clearly below those found in elective repair over the same period (1 EVAR to 1.7 OSR in Portugal, 
data from the SNS administrative database, not published). This suggests that although surgeons became 
increasingly comfortable using EVAR in a controlled setting, this does not translate directly into the 
emergent use 34. The offer of EVAR in the emergent setting comes with a higher complexity that involves 
not only the surgeon’s expertise but also the availability of a wide range of endografts sizes and ancillary 
material on the shelf, a suitable operation room, and an autonomous team to plan and perform the case, 
all during 24 hours per day and 7 days a week. Efforts to accommodate for increase of EVAR for rAAA in 
Portugal, including vascular training focused on EVAR on hypotensive patients and the use of resuscitative 
endovascular balloon occlusion of the aorta (REBOA) may contribute to a further gain in rAAA mortality 
in the future. 
The overall mortality burden of rAAA is significantly affected by turndown rate for surgery among patients 
who present to hospital with a rAAA diagnosis. The turndown rate of rAAA has previously been estimated 
at 40 (33 to 47)% in a meta-analysis of 24 retrospective cohort studies26. In the present report, the average 
percentage from 2000-2015 was 22%. Cases admitted but not operated on showed a drop after adjusting 
for age variation of the population through standardization. This suggests that gains obtained in mortality 
do not seem to be due to selection bias of better cases for repair. 
Finally, a full understanding of the epidemiology of rAAA requires a look into patients that die without 
reaching the hospital, estimated in 32 (27 to 37)% in the same  meta-analysis26. In the present study, on 
average 36% of patients died outside the hospital from 2000-2015. This percentage rose in the third 
period after a decrease from the first to the second periods.  The rate of patients that die outside the 
hospital can be related to several factors. First, these ratios may reflect the time of transportation to 
vascular departments that can deal with aortic rupture. Vascular departments that receive rAAA patients 
are located in the North and Center of the coastal Western regions of Portugal. Thus, populations from 
South and Eastern regions of the country do not have access to a nearby specialized vascular surgery 
department. In what extent the existence of a wider distribution of centres that offer rAAA repair versus 
the benefits of centralization in high volume centres is yet to be assessed in Portugal 35.  
It is important to underline, however, that the registration of rAAA as cause of death among patients not 
reaching hospital may be affected by other factors than prevalence of disease. In patients that die without 
reaching the hospital the cause of death is diagnosed based on clinical aspects and previous medical 
history, as well as autopsy if deemed necessary. Completeness of statistics on cause of death in Portugal, 
that is number of deaths for which cause of death is registered to the civil registration system,  is fairly 
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good as among the member states of the World Health Organization, Portugal was among the 42% of the 
WHO member states that provided data completeness of 70% to 100% 36. 
Despite providing data from two different and complementary databases, this study has some limitations. 
Contrary to the death certificate database from INE that includes prospective registration, the SNS 
administrative database contains a retrospective registration of all hospitalizations occurring in public 
hospitals in mainland Portugal. It is fed by independent trained physicians, representing an image of the 
real-world situation. Accuracy of the codification is guaranteed by proper training of the staff and external 
audits 21. Because of the previous-mentioned features of the Portuguese health system20, the amount of 
rAAA referred and treated in the private sector is null or, at least, neglectable in Portugal and not a realistic 
source of relevant selection bias. A second limitation of this study is the limited follow-up as only data 
associated with a specific hospital episode is available in the SNS database. Since an emergent situation 
(that is, rAAA) is the focus of this paper, it is expected that most rAAA-related casualties occur at the time 
of the first hospitalization. However, later deaths may occur and are these are not captured in this 
analysis. Third, ICD data was used rather than patient-level data which precluded adjustment of the 
results for co-morbidities, the type of anesthesia used or the etiology of the AAA (degenerative versus 
mycotic). Fourth, admission, repair and mortality due to rAAA seem to have reached a peak and have 
been recently decreasing. The authors are not aware of events happening globally or in Portugal that 
could have affected treatment decisions differentially over these time periods. Furthermore, these shifts 
follow what has been observed in the epidemiological evolution of the disease in other countries. 
However, the pattern of significantly increase and then decrease (or vice versa) might rather be random 
fluctuation in the data that are hard to discern without a longer time period of data collection. Further 
studies with longer time period of data collection might confirm these results. Fifth, like in other countries, 
autopsy rates are declining, from 6.7±0.3% of all deaths in 2000-2005 to 6.4±0.2% in 2005-2009 and to 
5.5±0.8% in 2010-2015. The proportion of patients dying outside a hospital setting is prone to error owing 
to misdiagnosis of the cause of death if no autopsy is performed and no previous diagnosis of AAA exists. 
Likewise, patients with known AAA might be wrongly diagnosed as rAAA death. 
 

Conclusion 
 
Nationwide evaluation of rAAA from 2000 to 2015 showed that overall, the incidence of rAAA in Portugal 
is stable over the past 10 years. Whilst the incidence of rAAA admissions, as well as mortality among 
patients presenting to hospital are decreasing in the recent years, the overall mortality related to rAAA in 
Portugal increased. This was due to an increasing incidence of rAAA-related deaths registered among 
individuals who died outside hospitals, showing that mortality outside the hospital is still a matter of 
concern.  
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Table 1. Patients characteristics and rates of incidence, admission and repair of ruptured AAA (rAAA) 
across three time periods (2000-2004, 2005-2009 and 2010-2015) in Portugal.  
 

Cases 2000-2015 2000-2004 2005-2009 2010-2015 p 
All cases 2275 582 723 970 - 
Cases/year 142 116 145 162 <.001 
Proportions of      
≥75 yo 50.2±4.1 48.2±4.3 48.2±1.6 53.5±3.7 <.001 
Standardized rate per 
100,000/y 

     

All cases 3.07 (0.35) 2.78 (0.24) 3.17 (0.39) 3.21 (0.28) <.001 
<75 yo 2.18 (0.29) 1.96 (0.23) 2.34 (0.34) 2.23 (0.20) <.001 
≥75 yo 8.27 (0.83) 7.81 (0.84) 8.28 (0.80) 8.64 (0.79) <.001 
Cases presenting to 
hospital 

1460 335 508 617 - 

Cases/year 91 67 102 103 <.001 
Proportions of      
≥75 yo 50.4±6.2 49.7±6.9 47.3±4.2 53.6±6.4 <.001 
Men 87.8±3.6 88.2±4.1 88.4±3.5 87.0±3.9 <.001 
Not operated on 22.0±3.6 20.9±4.4 21.5±3.4 23.0±4.2 <.001 
OSR 69.8±9.3 79.0±4.4 73.1±5.3 59.4±3.9 <.001 
EVAR 13.0±6.9 - 7.6±4.9 17.6±4.7 <.001 
Proportion of not 
operated on 

     

In patients <75 yo 15.7±5.6 18.0±2.6 18.8± 6.6 11.4±4.0 <.001 
In patients ≥75 yo 27.5±7.6 23.4±8.8 24.9±2.7 33.2±6.5 <.001 
In men 19.8±4.0 19.5±3.0 19.5±5.4 20.4±4.0 .004 
In women 35.4±17.4 29.1±23.8 37.4±17.2 39.2±12.4 .007 
Proportion undergoing 
repair 

     

In patients <75 yo 84.3±5.6 82.0±2.6 81.2±6.6 88.6±4.0 <.001 
In patients ≥75 yo 72.5±7.6 76.6±9.3 75.1±2.7 66.8±6.5 <.001 
In men 80.2±4.0 80.5±3.0 80.5±5.4 79.6±4.0 .004 
In women 64.6±17.4 70.9±23.8 62.6±17.2 60.8±12.4 .007 

 Data are presented as n, proportions or mean ± standard deviation. Proportions are presented as the 
mean and standard deviation of all annual percentages for each time period. P-values were calculated 
resorting to ANOVA after adjustment for multiple comparison. Legend: yo – years old, SD – standard 
deviation, OSR – open surgery repair, EVAR – endovascular repair.  
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Table 2. Age-standardized mortality rates referring to nationwide deaths for ruptured AAA repair (rAAA) 
across three time periods (2000-2004, 2005-2009 and 2010-2015) in Portugal.  
 

 2000-2015 2000-2004 2005-2009 2010-2015 p 
All deaths n = 1710 n = 463 n = 519 n = 728 - 
Deaths/year 107 93 104 121 <.001 
Proportions      
≥75 yo  55.1±4.9 51.0±3.8 53.6±1.7 59.7±3.8 <.001 
Mortality among all incident 
cases 

75.2±4.7 
 

79.6±3.7 
 

71.7±3.1 
 

74.9±3.9 
 

<.001 

Standardized rate per 
100,000/y 

     

All deaths 2.22 (0.23) 2.20 (0.18) 2.21 (0.27) 2.26 (0.26) <.001 
<75 yo 1.48 (0.19) 1.48 (0.15) 1.49 (0.19) 1.47 (0.26) .549 
≥75 yo 6.79 (0.72) 6.58 (0.80) 6.61 (0.91) 7.12 (0.42) <.001 
Deaths outside the hospital 815 247 215 353 - 
Deaths/year  51 (47.7) 49 (53.3) 43 (41.4) 59 (48.5) <.001 
Proportions      
≥75 yo 50.8±5.8 46.7±5.2 51.0±7.1 54.1±3.1 <.001 
Standardized rate per 
100,000/y 

     

Deaths outside hospital 1.10 (0.23) 1.21 (0.10) 0.93 (0.27) 1.14 (0.22) <.001 
<75 yo 0.78 (0.19) 0.88 (0.14) 0.68 (0.23) 0.82 (0.19) <.001 
≥75 yo 2.95 (0.58) 3.21 (0.19) 2.52 (0.75) 3.10 (0.51) <.001 
Deaths at the hospital 895 216 304 375 - 
Deaths/year 56 43 61 62 <.001 
Proportions      
≥75 yo  59.6±7.1  56.2±5.6 56.0±3.2 65.4±7.4 <.001 
Men  85.6±6.4  87.5±7.0 84.9±8.0 84.5±5.2 .003 
In-hospital mortality among 
all cases presenting to 
hospital 

61.5±5.6 
 

64.5±5.6 
 

59.7±5.2 
 

60.6±6.0 
 

<.001 

Standardized rate per 
100,000/y 

     

Deaths at the hospital 1.13 (0.23) 0.99 (0.15) 1.28 (0.24) 1.11 (0.24) <.001 
<75 yo 0.68 (0.19) 0.60 (0.09) 0.82 (0.18) 0.64 (0.23) <.001 
≥75 yo 3.84 (0.66) 3.38 (0.70) 4.09 (0.65) 4.02 (0.50) <.001 
Men 2.36 (0.52) 

 
2.08 (0.20) 

 
2.64 (0.67) 

 
2.35 (0.50) 

 
<.001 

Women 0.22 (0.11) 0.18 (0.14) 0.25 (0.10) 0.23 (0.09) .018 
Deaths after repair 573 146 195 232 - 
Deaths /year 36 29 39 39 <.001 
Proportions      
≥75 yo  57.1±7.0 56.3±4.2 57.3±9.1 58.1±9.1 .180 
Men  57.3±5.6 60.9±5.7 56.3±6.3 55.2±4.3 <.001 
EVAR  7.3±4.1 - 5.6±3.5 8.7±4.4  .010 
Operative mortality      
In all repaired cases 50.9± 5.8 55.3±4.7 48.8±4.7 48.9±6.2 <.001 
In patients <75 yo 41.0±7.5 46.8±6.4 38.4±6.1 38.5±8.2 <.001 
In patients ≥75 yo 62.3±7.4 65.1±5.7 61.1±9.7 61.0±7.7 <.001 
In men 50.2±6.2 55.1±3.6 47.4±6.8 48.4±5.7 <.001 
In women 53.4±20.3 53.2±22.7 52.3±27.1 54.3±15.5 .912 
After EVAR 50.0±29.6 - 75.2±24.0 29.0±11.1 <.001 
After OSR 52.6±6.0 55.3±4.7 47.8±5.4 54.5±5.9 <.001 
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Data are presented as n, proportions or mean ± standard deviation. Proportions are presented as the 
mean and standard deviation of all annual percentages for each time period. P-values were calculated 
resorting to ANOVA after adjustment for multiple comparison. Legend: yo – years old, SD – standard 
deviation, OSR – open surgery repair, EVAR – endovascular repair.
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Figure  1. Outcomes of absolute numbers of episodes due to rAAA in Portugal, 2000–2015. Legend: EVAR 
– endovascular aneurysm repair, OSR – open surgical repair. 
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Figure  1. Outcomes of absolute numbers of episodes due to rAAA in Portugal, 2000–2015. Legend: EVAR 
– endovascular aneurysm repair, OSR – open surgical repair. 

  

 

 

Figure 2. Age-standardized rate of admissions and repair due to rAAA per 100,000 inhabitants ≥ 50 years-
old per year (2000-2015) in Portugal. The p-value (ANOVA) for the comparison of the periods 2000-2004, 
2005-2009 and 2010-2015 was <.001 for all cases, admissions, not operated on, OSR and EVAR. Legend: 
EVAR – endovascular aneurysm repair, OSR – open surgical repair. 
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Figure 3. Percentage of operative mortality among different types of rAAA repair per gender male (A) and 
female (B) among three time periods (2000-2004, 2005-2009 and 2010-2015) in Portugal. Legend: EVAR 
– endovascular aneurysm repair, OSR – open surgical repair. 
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Figure 3. Percentage of operative mortality among different types of rAAA repair per gender male (A) and 
female (B) among three time periods (2000-2004, 2005-2009 and 2010-2015) in Portugal. Legend: EVAR 
– endovascular aneurysm repair, OSR – open surgical repair. 
 

 
 
 

  

 

 

Supplemental Figure 1. Age-standardized mortality due to rAAA per 100,000 inhabitants ≥ 50 years-old 
per year (2000-2015) among patients with admission and repair, patients with admission but not operated 
on and patients dying outside the hospital, in Portugal. The p-value (ANOVA) for the comparison of the 
periods 2000-2004, 2005-2009 and 2010-2015 was <.001 for repaired, not operated on and outside 
hospital deaths. 
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Supplemental Figure 2. Percentage of operative mortality among different types of rAAA repair of patients 
≥ 50 years per year (2000-2015) in Portugal. The p-value (ANOVA) for the comparison of the periods 2000-
2004, 2005-2009 and 2010-2015 was <.001 for all deaths, OSR and EVAR. Legend: EVAR – endovascular 
aneurysm repair, OSR – open surgical repair. 
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Supplemental Figure 3. Percentage of operative mortality among different types of rAAA repair per age 
bands <75 (A) and ≥ 75 years old (B) among three time periods (2000-2004, 2005-2009 and 2010-2015) in 
Portugal. Legend: EVAR – endovascular aneurysm repair, OSR – open surgical repair. 
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Resumo
O aneurisma da aorta abdominal (AAA) permanece uma causa relevante de mortalidade nos países ocidentais. É 

premente a contínua identificação de fatores de risco de progressão aneurismática bem como de preditores de resposta ao 
tratamento na otimização da estratégia terapêutica a oferecer a estes doentes.  

A calcificação vascular tem sido estudada em diversos leitos capilares como um fator de prognóstico cardiovascular. 
Contudo, a importância da calcificação da aorta abdominal (CA) no AAA permanece incompletamente esclarecida, sendo a 
prova científica disponível dispersa e heterogénea. 

O objetivo desta revisão é descrever o eventual impacto da CA na progressão e rutura aneurismática, bem como na 
resposta à correção endovascular do AAA. Salienta-se que o estabelecimento de um método validado, rápido e fácil de usar 
para avaliar a CA seria de grande utilidade clínica e/ou investigacional.

Abstract
Perspectives and research challenges in abdominal aortic aneurysm calcification

Abdominal aortic aneurysm (AAA) remains a relevant cause of mortality in Western countries. There is a need for 
continuous identification of risk factors for aneurysmal progression and predictors of treatment response to optimize the 
therapeutic strategy to be offered to these patients.

Vascular calcification has been studied in several capillary beds as a cardiovascular risk factor. However, the importance 
of abdominal aortic calcification (AC) in AAA remains incompletely clarified, and the available evidence is scattered and hete-
rogeneous.

The objective of this review is to describe the possible impact of AC on aneurysmal progression and rupture, as well as 
on the response to endovascular correction. It should be noted that the establishment of a validated, quick and easy to use 
method for assessing AC would be of great clinical and/or research utility.

INTRODUÇÃO

O aneurisma da aorta abdominal (AAA) é uma causa 
major de mortalidade nos países ocidentais.1 A elevada mor-
talidade após rutura e a ausência de estratégias que evitem 
a progressão aneurismática justificam a contínua tentativa 

de identificação de fatores de risco para a presença e a pro-
gressão do AAA, bem como de preditores de resposta à sua 
correção. 

A calcificação vascular tem merecido a atenção de 
diversos autores como um fator de risco de doenças cardio-
vasculares. Este ponto tem sido particularmente estudado na 
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doença coronária, onde foi possível demonstrar uma asso-
ciação entre a calcificação das artérias coronárias e eventos 
cardiovasculares, nomeadamente enfarte agudo do miocár-
dio.2,3 Mais ainda, a calcificação vascular parece influenciar 
a própria resposta à intervenção terapêutica: na doença 
arterial periférica, a extensão da calcificação contribui para 
uma elevada taxa de falência técnica durante a recanalização 
percutânea de oclusões femoro-poplíteas crónicas.4,5 

À semelhança da calcificação das artérias coronárias, 
verificou-se que também a calcificação aórtica (CA) estava 
associada a eventos cardiovasculares num estudo que utili-
zou um sistema de pontuação subjetivo para avaliar a CA em 
radiografias lombares de indivíduos do Framingham Heart 
Study.6 Neste estudo longitudinal, mais de 2500 indivíduos 
foram acompanhados por mais de 22 anos. Os resultados 
indicaram que os indivíduos no tercil mais elevado de CA 
apresentavam um aumento superior a 50% no risco de 
eventos cardiovasculares. Apesar do reconhecido impacto 
negativo no desfecho cardiovascular global, permanece 
incompletamente esclarecido se a CA tem alguma relevância 
específica no AAA (Figura 1). O objetivo deste trabalho é 
descrever a evidência disponível sobre a importância da CA 
na progressão e rutura aneurismática bem como na resposta 
ao tratamento endovascular do AAA.

Medição da calcificação da aorta abdominal 
(cA)

Para avaliação da CA estão descritas na literatura 
quatro modalidades imagiológicas: a radiografia simples, 
a ecografia abdominal, a tomografia computorizada (TC) 
(MDCT,  Multiple detector computed tomography e EBCT, 
Electron Beam Computed Tomography) e a absorciometria 
radiológica de dupla energia (DXA). Dentro de cada uma 
destas modalidades, vários métodos têm sido utilizados para 

quantificar CA. Nas radiografias simples de perfil, o mais 
conhecido e estudado foi descrito por Kauppila e colabo-
radores,7 o AAC-24. Neste método são traçados segmentos 
de reta a separar as 4 primeiras vértebras lombares que se 
prolongam anteriormente para dividir a aorta abdominal em 
4 segmentos; a calcificação da parede anterior e posterior 
do vaso é avaliada em cada um desses segmentos e expressa 
numa escala de 0-3, num total máximo de 24 pontos. A 
utilidade deste método como estratificador de risco de mor-
talidade e eventos cardiovasculares em doentes com doença 
renal crónica terminal é apoiada por diversos estudos.8,9 A 
ecografia abdominal foi usada especificamente no AAA por 
Lindholt e colaboradores10 para estudar a relação entre a 
CA e o crescimento de aneurismas com diâmetro máximo 
<50 mm. A reprodutibilidade intra-observador reportada 
foi de 84% (Intervalo de Confiança a 95% de 70–93%). No 
que diz respeito à imagiologia por TC, são de destacar par-
ticularmente o score de Agatston11 e o método volumétrico 
em MDCT descrito por Jayalath e colabodores.12 O score de 
Agatston considera como calcificação uma região do espaço 
com ≥1mm2 e >130 Hounsfield Units e o seu valor é em 
função da área de calcificação e da densidade da mesma. 
Pode ser calculado de forma computorizada em diversos sof-
twares de análise de imagem (Figura 1). Tem como principal 

desvantagem não poder ser aplicado em angiotomografia 
computorizada (ATC), pelo facto de a presença de contraste 
intravascular interferir com o cálculo do score. O método 
volumétrico por MDCT é aplicado com recurso a uma works-
tation dedicada e tem a vantagem de poder ser realizado de 
forma reprodutível tanto em TC como em ATC. É de salientar 
que este método foi utilizado no estudo do papel da calcifi-
cação aórtica na progressão de AAAs com diâmetro máximo 
≤55 mm. 

figura 1 Determinação computorizada do score de Agatston através do software Osirix® ou Horos®. As regiões de 
calcificação são selecionadas manualmente seguindo-se a atribuição automática do valor em função da área de 
calcificação e da densidade das mesmas.
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É também possível aplicar métodos semiquantitativos 
em imagem de TC. A este respeito, é de destacar o Índice de 
Calcificação Aórtico (ACI, aortic calcification index) descrito 
por Kabaya e colaboradores.13 Neste método, a área de inte-
resse está compreendida entre a emergência da artéria renal 
mais inferior e o plano imediatamente superior à bifurcação 
aórtica. São selecionados, em sentido proximal, 10 planos 
transversais da aorta, separados entre si por 10 mm tendo 
início no plano mais inferior da região de interesse. Em cada 
plano, a aorta é dividida em 12 setores radiais e a calcifi-
cação é expressa como o número total de setores em que 
esta esteja presente, num total máximo possível de 120 seto-
res radiais calcificados. Este método tem como vantagem 
poder ser aplicado tanto em TC como ATC. À semelhança 
dos métodos da radiografia abdominal simples, o ACI tem 
sido largamente utilizado na insuficiência renal crónica.14-16

Por fim, importa referir que uma derivação do método 
AAC-24 utilizada em DXA foi aplicada em ATC para estudar 
a relação entre a calcificação do AAA e o seu risco de rutura.1 
Esta derivação constitui o método AAC-8, apresentado por 
Schousboe e colaboradores.17 Neste método são utilizados 
igualmente os 4 segmentos de aorta anteriormente referidos 
no AAC-24 e é também avaliada a calcificação das paredes 
anterior e posterior, sendo que a atribuição de pontos difere 
face ao AAC-24. Neste caso, a calcificação não é expressa 
tendo como referência o comprimento da aorta em cada 
segmento, mas sim tendo como referência o tamanho de 
uma vértebra do doente. Isto é, se a calcificação total da 
parede anterior/posterior for inexistente, atribui-se o valor de 
0; valor de 1 se ≤1 vértebra; 2 se >1 mas ≤2 vértebras; 3 
se >2 mas ≤3 vértebras e 4 se >3 vértebras. O máximo por 
cada parede será de 4, num total possível de 8. 

Atualmente, nenhuma modalidade foi aceite como 
gold standard para a medição da CA, consequentemente, a 
avaliação da sensibilidade e especificidade das diversas téc-
nicas tem constituído uma lacuna na literatura. Os estudos 
que avaliaram o impacto da CA no AAA não são exceção 
na medida em que a CA foi avaliada através de diferentes 
métodos, muitas vezes produzindo resultados divergentes, 
dificultando a extrapolação do papel da CA na fisiopatologia 
do AAA. O estabelecimento de um método válido, rápido e 
fácil de usar para avaliar a calcificação aórtica seria pois de 
grande utilidade. 

Progressão aneurismática
O papel da CA no crescimento do AAA ainda é 

controverso, com alguns estudos a sugerir uma associação 
negativa entre CA10,18 e o crescimento do AAA e outros onde 
essa associação não foi verificada.19,20 A evidência disponí-
vel é proveniente de estudos de imagem, maioritariamente 
baseados em MDCT. 

No estudo de Heilmaier e colaboradores,18 foram 
avaliados scores de cálcio para toda a aorta abdominal, bem 
como separadamente para os segmentos supra e infra-renal. 
Adicionalmente, os padrões das placas foram avaliados e 
classificados de acordo com sua espessura e tamanho. Ape-
sar dos scores totais de cálcio terem sido similares em doen-
tes com e sem AAA, a densidade e o tamanho das placas 

que foi consideravelmente menor nos segmentos supra e 
infrarrenais no grupo aneurismático (n=34) em comparação 
com o não aneurismático (n=33). No estudo de Lindholt e 
colaboradores10 foi realizada uma avaliação da calcificação 
do aneurisma por ecografia (tal como supramencionado) em 
AAA com diâmetro inicial de 30-49 mm, sendo depois moni-
torizado o crescimento aneurismático  durante um tempo de 
seguimento médio de 6 anos. A taxa de crescimento anual 
médio foi significativamente menor nos homens com uma 
calcificação da parede AAA > 50%, mesmo após ajuste 
para idade, tabagismo e uso de aspirina em regressão linear 
multivariada. Estes estudos parecem apontar para um efeito 
protetor da CA na progressão do AAA.

Por outro lado, este efeito protetor não foi validado 
nos estudos de Parr e colaboradores20 e Hendy e colabo-
radores,19 muito embora tenha sido utilizado um método 
diferente (avaliação volumétrica da CA medida por ATC). No 
estudo de Parr e colaboradores20 não foi encontrada uma 
associação entre o volume inicial de calcificação e o cresci-
mento de AAAs com diâmetro <50 mm (n=32) ao fim de 
uma mediana de seguimento de 18 meses. No trabalho de 
Hendy e colaboradores19 o volume de calcificação da aorta 
infra-renal não previu o crescimento de AAA com diâmetro 
<55mm. Admite-se que esta técnica seja mais objetiva do 
que as medidas de ecografia, embora, para avaliar comple-
tamente, ambas as técnicas precisariam de ser repetidas e 
comparadas na mesma coorte de doentes.

Em suma, a evidência disponível, baseada em méto-
dos diversos e não validados, com resultados conflituosos, 
impede a definição segura do papel da CA na progressão do 
AAA, não se podendo excluir um efeito protetor da CA na 
progressão do AAA.

Rutura aneurismática
O panorama em relação ao eventual impacto da CA 

na rutura do aneurisma reveste-se da mesma ambiguidade. 
Este tema tem sido estudado por análise in vitro das proprie-
dades da parede do AAA e recorrendo a simulações compu-
torizadas, para além dos tradicionais estudos de imagem. 

O estudo de Buijs e colaboradores1 é favorável a 
associação positiva entre o grau de calcificação e a rutura/
pré-rutura de AAA. Os autores aplicaram o método AAC-821 
em ATC de doentes com AAA e demonstraram que os aneu-
rismas sintomáticos (n=28) e em rutura (n=73) apresen-
tavam maiores scores de calcificação em comparação com 
aneurismas assintomáticos (n=233).

Uma análise de elementos finitos realizada pré-
-operatoriamente foi utilizada para identificar áreas da 
parede aórtica de elevado e de reduzido índice de risco 
de rutura.22 Concordantemente, as regiões de parede AAA 
com índice risco de rutura mais elevado apresentaram 
desintegração histológica avançada em comparação com 
regiões com inferior risco de rutura no mesmo AAA: menos 
células musculares lisas, menos fibras elásticas, mais pla-
cas de colesterol e mais placas calcificadas. A quantidade 
de placas calcificadas apresentou uma correlação positiva 
com o stress máximo da parede determinada pela análise 
de elementos finitos.
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No entanto, num outro estudo in vitro, amostras 
de parede aórtica colhidas de AAA de doentes submeti-
dos a correção foram divididas em dois grupos de acordo 
com as suas características macroscópicas: em fibrosas e 
em parcialmente calcificadas.23 Foi demonstrado que as 
propriedades mecânicas de falência do tecido parcialmente 
calcificado são significativamente menores em comparação 
com o tecido fibroso; a análise dos locais de falência atra-
vés de microscopia eletrónica de varredura e de espectros-
copia de raios X de dispersão de energia para investigar os 
possíveis motivos de falência, sugeriu que a junção entre 
um depósito de calcificação e a matriz fibrosa é altamente 
suscetível à falência. Uma visão unificadora destes traba-
lhos é a de que a calcificação possa ser eventualmente pre-
ditora de rutura na dependência não da calcificação em si 
mesmo, mas das regiões de charneira entre a calcificação e 
tecido fibroso adjacente. 

Apesar deste corpo de evidência, um aumento geral 
do risco de rutura com a calcificação também foi posto 
em causa. A já mencionada análise de elementos finitos 
permite levar em consideração a morfologia específica do 
doente e a interação de diferentes constituintes do AAA, 
como o trombo intraluminal, a calcificação e a parede arte-
rial, proporcionando uma previsão mais precisa do risco 
individual de rutura. Ao estudar o efeito da inclusão da cal-
cificação numa análise computacional do esforço da parede 
de AAAs específicos em comparação com a simulação con-
tendo apenas o trombo intraluminal e a parede arterial, 
Maier e colaboradores descobriram que, em dois de três 
pacientes, o stress máximo na parede diminui quando se 
toma em consideração as calcificações.24 Em função destes 
achados, seriam os resultados diferentes se fosse possível 
ter em consideração no modelo de elementos finitos os 
locais de junção entre a calcificação e matriz fibrosa? Em 
função dos estudos in vitro debatidos acima, seria de espe-
rar que a replicação do método de Maier e colaboradores 
tendo em conta os locais de junção entre a calcificação e a 
matriz fibrosa mostrasse estas zonas como locais de stress 
aumentado na parede em comparação com os locais onde 
apenas existe calcificação. 

Resposta ao tratamento endovascular 
A quantificação da CA no AAA tem sido realizada 

também no âmbito da previsão de complicações após o 
tratamento endovascular (EVAR). Um dos fatores mais limi-
tantes para o EVAR é a anatomia adversa do colo proximal 
do aneurisma.25 Nesse sentido, várias características do colo 
proximal têm sido estudadas como preditoras de endoleak 
ou de migração após EVAR tais como o comprimento, a 
angulação e a conicidade. A avaliação destas características 
tem-se revestido de graus variáveis de heterogeneidade, 
tendo já sido proposto um esquema de classificação dos 
fatores modificadores de outcome após EVAR.26 

Particularmente na avaliação da calcificação do colo 
proximal, os métodos descritos são habitualmente basea-
dos em ATC. A definição de colo calcificado varia desde 
a presença de “calcificação severa” avaliada qualitativa-
mente,27 à percentagem de calcificação circunferencial na 

zona de selagem28 ou à proporção de volume de cálcio no 
segmento do colo em relação com o volume total desse 
segmento (método volumétrico).29 Finalmente, alguns 
estudos reportam conjuntamente a presença de calcifica-
ção e de trombo.30

A presença de calcificação na zona de fixação 
proximal da endoprótese pode prejudicar a fixação entre 
a endoprótese e a parede do vaso, levando potencial-
mente a endoleaks e migração ou aumentando o risco 
de trombembolismo.31 No entanto, os resultados des-
tes trabalhos são por vezes conflituosos. No estudo de 
Bastos Gonçalves e colaboradores30 (n=1263 doentes 
submetidos a EVAR), a presença de calcificação/trombo 
>50% no colo proximal, a par do colo <10mm, foi iden-
tificada como um fator de risco independente capaz de 
aumentar cerca de 5 vezes o número de eventos adver-
sos intra-operatórios (endoleak de tipo 1a, conversão, 
complicação relacionada com implantação/recuperação 
ou cobertura renal não intencional) mas não de eventos 
pós-operatórios (endoleak de tipo 1a ou migração). Uma 
limitação deste resultado é que o efeito da calcificação 
não pode ser diferenciado do efeito do trombo uma vez 
que foram avaliados conjuntamente. Num outro estudo 
que incluiu 217 doentes submetido a EVAR seguidos 
durante 3,6 anos,29 a presença de calcificação do colo 
avaliada pelo método volumétrico correlacionou-se com 
maiores taxas de eventos adversos. Neste estudo, a carga 
de trombo e de cálcio foram independentemente ava-
liadas no segmento de fixação. Curiosamente, o trombo 
parecia ter um efeito protetor na região proximal; foi pro-
posto pelos autores deste trabalho que o trombo hipo-
teticamente por poderia  atuar como uma textura em 
forma de gesso, resultando em uma adesão mais firme 
entre a endoprótese e a parede do vaso, enquanto que as 
calcificações irregulares impediriam a aproximação exata 
da endoprótese, algo que permanece por confirmar. Em 
dois outros estudos com metodologia semelhante não foi 
demonstrável uma associação entre a calcificação do colo 
e o aumento de complicações após EVAR.27,32

Para além da calcificação do colo, o efeito da calci-
ficação na dinâmica do saco aneurismático após EVAR tem 
merecido atenção crescente (dados ainda não disponíveis 
sob a forma de publicação).

Implicações clínicas
As implicações clínicas do estudo da CA no AAA são 

diversas. A confirmação da associação entre a calcificação 
e o crescimento aneurismático ou a rotura poderá permitir 
uma personalização dos protocolos de seguimento imagio-
lógico dos doentes que têm AAA de pequenas dimensões 
ainda não candidatos a correção. A importância da calcifi-
cação denuncia ainda que o uso de medidas biomecânicas 
adicionais poderá ajudar a alcançar uma melhoria na pre-
cisão da predição de ruptura do AAA.33 O valor prognós-
tico da presença de calcificação no colo do aneurisma após 
EVAR poderá condicionar o processo de decisão terapêu-
tica quanto à escolha da melhor estratégia de reparação 
(cirurgia aberta versus endovascular). 



109PART II NEW PATHOPHYSIOLOGICAL FEATURES OF ABODMINAL AORTIC ANEURYSMS 

MARINA F. DIAS NETO

REVISTA PORTUGUESA DE CIRURGIA CARDIO-TORáCICA E VASCULAR

59Volume 25 - N.º 1-2

cONclUSÃO

A evidência disponível é favorável a uma associação 
negativa entre a CA e o crescimento do aneurisma embora 
em alguns estudos essa associação não tenha sido demos-
trada. A CA parece associar-se ao evento de rutura, no 
entanto é possível que esta esteja relacionada com a região 
de charneira entre a calcificação e tecido fibroso adjacente e 
não na dependência da calcificação em si mesmo. A presença 
de calcificação no colo proximal associa-se a aumento dos 
eventos adversos após EVAR. A manifesta heterogeneidade 
na definição de calcificação e a multiplicidade de métodos 
disponíveis salienta a necessidade de clarificar e comparar os 
métodos disponíveis para a avaliação da CA no AAA.
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a B s T r a C T
BACKGROUND: The main objective of this study was to assess the correlation between three semiquantitative and one computerized method 
based on Agatston Score (AS), when measuring abdominal aortic calcification (AAC) in abdominal aortic aneurysm (AAA) patients. Secondary 
aim was to access differences in AAC upon clinical variables, when different methods of calcium scoring are used.
METHODS: This was an observational, retrospective, cross-sectional study. A database of AAA patients consecutively submitted to elective 
repair between 2008 and 2015 was used. Patients were excluded if they did not have preoperative imaging or presented scans incompatible with 
at least one of the whole set of calcification methods tested. Calcification measures were performed using AS, Aortic Calcification Index (ACI), 
AAC-8 and AAC-24 methods. The Pearson’s correlation was used for primary analysis.
RESULTS: Study population comprised 102 patients, 95% males, with a median age of 71 (interquartile range, IQR 66-76) years. AAAs pre-
sented median aortic diameter of 60 (54-70) mm. Pearson’s correlation with AS was 0.816 for ACI, 0.703 for AAC-8 and 0.648 for AAC-24. 
ACI also presented the highest ICC for intraobserver agreement (0.972) and for interobserver agreement (0.966). ACI was associated more often 
to demographic and clinical variables in the dataset that associated with the computerized method.
CONCLUSIONS: ACI is suggested as a fast and easy-to-use method of assessing AAC in AAA patients. Its use should be encouraged to study 
aaC in aaa over other semiquantitative methods, in research settings.
(Cite this article as: Dias-Neto M, Neves E, Sousa-Nunes F, Henriques-Coelho T, Sampaio S. Abdominal aortic aneurysm calcification: trying to 
identify a reliable semiquantitative method. J Cardiovasc Surg 2019;60:000–000. DOI: 10.23736/S0021-9509.18.10132-7)
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abdominal aortic aneurysm (AAA) is a major cause of 
mortality in Western countries.1 The high mortality 

after rupture and the current lack of strategies to prevent 
aneurysmal progression justify the continuous attempt to 
identify risk factors for the presence and progression of 
AAA, as well as predictors of outcome after treatment.

Abdominal aortic wall calcification (AAC) has been 
recognized as an independent predictor of cardiovascu-
lar mortality for a long time.2 Nevertheless, its role in the 
pathogenesis and outcome of aaa is still controversial.

AAC has been studied as a risk factor for AAA expan-
sion and rupture. The role of AAC in AAA growth is still 
conflicting, with some studies suggesting a negative as-
sociation3, 4 between AAC and AAA growth while others 
report lack of such association.5, 6 The available evidence 
comes from imaging studies, mostly based on multi-detec-
tor computed tomography (MdCT), previously used for 
quantification of coronary artery calcification.

The possible impact of aaC in aaa rupture has been 
studied by in vitro analysis of AAA wall properties and 
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cluded patients were recorded: age (defined as patient age 
at the date of the last CT/CTA scan), sex, smoking status 
(defined as either “non-smoker” or “past or current smok-
er”), diabetes mellitus (DM) (defined as either “no” or “un-
der oral medication or insulin medication”); hypertension 
(defined as either “no” or “controlled with one or more 
drugs”), carotid artery disease (CD) (defined as either “no” 
or “yes” including asymptomatic significant stenosis (ste-
nosis >50%), history of transient ischemic attack or his-
tory of ischemic stroke), coronary heart disease (defined as 
either “no” or “yes” comprising unstable angina, myocar-
dial infarction or previous endovascular or open coronary 
revascularization), preoperative plasma creatinine, chronic 
obstructive pulmonary disease (defined as either “no” or 
“yes” based on spirometry results when available or in the 
medical records), obesity (defined as a Body Mass Index 
>30 kg/m2), congestive heart failure, peripheral arterial 
disease (PAD) (defined as either “absent” or “asymptomat-
ic” and “intermittent claudication (Fontaine IIa/b or Ruth-
erford 1-3)” or “critical limb ischemia (Fontaine III/IV or 
Rutherford 4-6)”), and routine medication with statins.

CT/CTA imaging protocol

All subjects underwent CT/CTA scanning in a supine posi-
tion using a 64-slice MDCT. Scan parameters were deter-
mined by the right dose indicated by manufacturer, that 
aims at finding the right dose for every individual patient, 
balancing between image quality and radiation dose. Slice 
thickness of the available scans was 5mm. Osirix Medical 
Imaging Software was used for measurements. Contrast 
enhancement was adjusted with a windows level (con-
trast) of 143 Hounsfield Units (HU) and a windows width 
(brightness) of 411 hu.

Assessment of maximum AAA diameter and AAA volume

The main axis of each AAA was determined and maxi-
mum AAA diameter was obtained as the maximum length 
between opposite walls of the AAA in a plane perpendicu-
lar to that main axis. For the calculation of the AAA vol-
ume, the region located immediately below the emergence 
of the lowest renal artery and immediately above the aor-
tic bifurcation was considered. In each slice, a region of 
interest was manually selected and the volume was auto-
matically calculated using a dedicated software (Osirix® 
v.8.0.2, Bernex, Switzerland).

Assessment of abdominal aortic calcification

AAC was assessed using 4 different methods. The com-
puterized AS14 modified to account for slice thickness 

using computer simulations (finite element analysis) in 
addition to traditional imaging studies. Computed tomo-
graphic angiography (CTa)-based studies1 showed that 
symptomatic and ruptured aneurysms had increased cal-
cification scores when compared to asymptomatic aneu-
rysms. in vitro studies evidenced that regions of the aortic 
wall with high rupture risk index present advanced his-
tological disintegrity with increased amount of calcified 
plaques.7 However, assessment of failure properties using 
mechanical tests were significantly reduced in partially 
calcified tissue from AAA compared to fibrous tissue8 and 
an overall increase in the risk of rupture with calcification 
has also been challenged.9 aaC has also been studied as a 
predictor of outcome after EVAR. Neck calcification has 
been recognized as an independent predictor of complica-
tions during and after eVar,10, 11 while other studies failed 
to detect such an association.12, 13

one reason for the great heterogeneity among aaC im-
pact in aaa might be the use of different methods of as-
sessing its severity instead of a simple, validated method. 
The establishment of a fast and easy-to-use method of as-
sessing aaC can be of value in research settings, ultimate-
ly leading to a better understanding of the clinical implica-
tions of AAC in AAA. The aim of this study was to assess 
the performance of three semiquantitative methods com-
pared to a computerized one in scoring AAC. A secondary 
goal was to access differences in AAC upon clinical vari-
ables, when different methods of calcium scoring are used.

Materials and methods

Study design and sample

This is a cross sectional study of patients undergoing elec-
tive aaas repair at the department of angiology and Vas-
cular Surgery of São João Hospital Center, between March 
2008 and December 2015. Patients were consecutively in-
cluded unless a preoperative CT/CTA) scan was not avail-
able or was incompatible with at least one of the whole 
set of calcification methods tested. Otherwise, respective 
clinical data and CT/CTA parameters were analyzed.

Ethics

The study was approved by the Ethics Committee of São 
João hospital Center.

Data collection

Patient data were collected from the database at our home 
institution. The following clinical characteristics of the in-
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number of slices analyzed varied from 17 to 28 (depend-
ing on the total length of infra-renal aortas). This method 
is computerized, therefore less prone to observer bias and 
provides a continuous outcome; nevertheless, it is more 
time-consuming since it requires manual selection of the 
calcified lesions (5 to 10 minutes per patient) and contrast 
interferes with calcium scoring preventing its use in ACT.

Calcification was also semiquantitatively measured us-
ing the Aortic Calcification Index (ACI),15 the AAC-816 
and aaC-2417 scores. To apply the aCi score, 10 slices of 
the aorta were obtained at 10 mm intervals moving uphill 
from the aortic bifurcation, each slice was divided in 12 
equal radial sectors and ACI was expressed as the num-
ber of calcified sectors divided by 120 (Figure 1B). ACI is 
faster in trained hands (takes about 5 minutes per patient) 
and provides an ordinal outcome that varies from 0 to 120 
or from 0 to 1 (depending on using 120 as a denomina-
tor or not). In patients with CT/CTA scans whose thick-
ness was 3 mm or 4mm or in short length aortas it was not 
possible to apply the ACI as defined above. The AAC-24 
and AAC-8 methods were applied on sagittal profiles of 
the aorta. For this, on each CT/CTA image, a maximum 
intensity projection was selected, segments were drawn 
between the planes of the first 4 lumbar vertebrae and the 
aortic calcification contained in those resulting 4 segments 
was measured (Figure 1C). For the AAC-24 method the 
score is attributed according to the length of the aortic 
calcification (anterior or posterior wall) in each of the 4 
segments in front of the lumbar vertebrae. If calcification 
in a segment is nonexistent the score is 0; if it occupies 
≤1/3 of the aortic wall length the value is 1; if it’s >1/3 
but ≤2/3, the value is 2; finally, if it’s >2/3 the value is 3. 
For the AAC-8 method the score is attributed according to 
the calcification length relative to vertebral height. If cal-
cification is nonexistent, the value is 0; if it’s ≤1 vertebra, 
the value is 1; if it is >1 but ≤2 vertebrae, the value is 2; if 
it is >2 but ≤3 the value is 3; finally, if calcification is >3 
vertebrae in length, the value is 4. These methods are also 
fast in trained hands (takes about 3 minutes per patient) 
and provides an ordinal outcome that varies from 0 to 8 in 
AAC-8 or from 0 to 24 in AAC-24. Extreme aortic tortu-
osity might prevent both ACC-24 and ACC-8 calculation.

Reproducibility

To express how consistent each observer was within their 
own calcification scores (intraobserver agreement), intra-
class correlation coefficient (ICC) was calculated based 
on two analyses performed by a single analyst in a subset 
of 30 randomly selected patients. To express how one ob-

was considered our gold standard (Figure 1A). The Osirix 
plugin “calcium scoring” was used for this determination. 
Calcification was considered as a region of ≥1mm2 with a 
density of >130 HU in each slice from the level of the low-
est renal artery to the aortic bifurcation. for this study, a 
slice thickness of 5mm was considered as standard. Never-
theless, the score obtained on CT scans of different thick-
ness may be adjusted using the following formula: adjust-
ed score =original score × (slice thickness/5.0). Because 
a 5mm slice thickness was considered in this study, the 

Figure 1.—CT scan view of an AAA on the transversal plane, depicting 
the calcium scoring through the Agatston Score (A) and Aortic Calcifi-
cation Index (B) methods. An example of a maximum intensity projec-
tion on the sagittal plane used for calcium scoring through the AAC-8 or 
aaC-24 methods (C).
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ACI had the highest correlation with AS (0.816, 
P<0.001), followed by AAC-8 (0.703, P<0.001) and AAC-
24 (0.648, P<0.001) (Figure 3A, B, C).

Using the computerized method AS, AAC was higher 
in older patients (Spearman’s correlation 0.210, P=0.034) 
and in females (6122 (5174-10027) vs. 2457 (979-4077), 
P=0.003). aCi method could detect differences in gender 
(86 (45-86) in women vs. 37 (22-54) in men, P=0.010). 
No other differences were detected using ACI, AAC-24 or 
AAC-8 upon demographic variables.

When assessing clinical variables, AS calcification was 
higher in patients with CD (3640 [2493-6606] vs. 2263 
[860-3765], P=0.027) and with PAD (4340 [2304-5942] 
vs. 2457 [979-3594], P=0.023). When using ACI, differ-
ences were apparent in PAD and chronic heart failure, be-
ing higher in diseased patients (Table iii). additionally, 
ACI was 49 (43-62) in patients with CD vs. 36 (22-54) in 
patients without, P=0.055.

server correlates with other observers performing the same 
technique interobserver agreement), ICC was used to com-
pare the analyses performed by two independent analysts 
in another subset of 30 randomly selected patients.

Statistical analysis

Continuous variables were expressed as mean±standard 
deviation (SD) when normally distributed and as median 
and interquartile range (IQR) when skewed. Categorical 
variables were expressed as percentages. Pearson’s corre-
lation test was used to assess the comparison between the 
three semiquantitative methods for quantification of AAC 
and the computerized one because a linear relation was as-
sumed. finally, in the secondary analysis, the association 
between AAC and clinical variables was studied using AS, 
ACI, AAC-8 and AAC-24 using a non-parametric Mann 
Whitney u Test.

Results

Between March 2008 and December 2015, a total of 196 
patients were admitted undergoing elective AAA repair. 
Patient flowchart is shown in Figure 2.

We included 102 patients in the analysis, 97 (95.1%) 
men and 5 (4.9%) women, with a median age of 71 years 
and iQr of 10 years. The baseline clinical characteristics 
are shown in Table I. Aneurysm proprieties and calcifi-
cation scores of studied patients are depicted in Table ii. 
ICC for intraobserver agreement were 0.999 (P<0.001) for 
AS, 0.972 (P<0.001) for ACI, 0.827 (P<0.001) for ACC-8 
and 0.723 (P<0.001) for ACC-24; for interobserver agree-
ment the coefficients were 0.996 (P<0.001) for AS, 0.966 
(P<0.001) for ACI, 0.902 (P<0.001) for ACC-8 and 0.875 
(P<0.001) for aCC-24.

Figure 2.—Study flowchart.

Table I.— Clinical characteristics of 102 included patients.
Clinical characteristics Valuesa

age (years) 71 (66-76)
Male 97/102 (95%)
female 5/102 (5%)
Medical history

smoking
former smoker
Current smoker

31/92 (34%)
36/92 (39%)

diabetes 18/97 (19%)
hypertension 71/93 (76%)
obesity 23/97 (24%)
on statin medication 63/81 (79%)
Coronary heart disease 29/95 (30%)
Chronic heart failure 15/91 (17%)
Carotid artery disease 14/95 (15%)
Chronic renal disease 9/95 (10%)
Preoperative creatinine (mg/dL) 0.98 (0.80-1.25)
Peripheral artery disease 18/91 (20%)
aValues are median (interquartile range) or numbers (%) of observations.

Table II.— Aneurysm proprieties and calcification scores of 102 
patients.

aneurysm proprieties Valuesa

Maximum diameter (mm) 60 (54-70)
aortic volume (cm3) 175 (136-259)
Aortic calcification

agatston score (units) 2512 (991-4312)
aCi (units) 38 (23-57)
AAC-8 (units) 3 (2-4)
aaC-24 (units) 7 (5-10)

aValues are median (interquartile range) or numbers (%) of observations. 
Abbreviations: ACI, aortic calcification index.

Patients admitted for  
elective AAA repair 2008-2015 

(N.=196)
Excluded due to lack 
of accessible imaging 

studies (CT/CTA) 
(N.=40)

included patients (N.=102)

CT/CTA incompatible 
with at least one of the 
calcification methods

(N.=54)
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Figure 3.—Scatterplots for the correlation between different measures of aortic calcification: Agatston Score (AS) and Aortic Calcification Index 
(ACI) (A), AS and AAC-8 (B) and AS and AAC-24 (C). Pearson’s correlation are presented (P<0.001, N.=102 patients).

Table III.— Secondary analysis of calcification differences upon clinical characteristics using different methods: AS, ACI, AAC8 and 
AAC24.

Clinical characteristics as aCi AAC8 aaC24

age (years) spearman
P

0.210
0.034

0.127
0.207

0.137
0.168

0.162
0.104

gender female
Male
P

6122 (5174-10027)
2457 (979-4077)

0.003

86 (45-86)
37 (22-54)

0.010

4 (3-7)
3 (2-4)

0.068

10 (7-16)
7 (5-9)

0.067
smoking (present or 

past)
No
yes
P

2705 (956-4178)
2531 (1131-4250)

0.850

39 (27-50)
37 (22-55)

0.878

3 (3-5)
3 (2-4)

0.171

7 (7-10)
7 (5-9)

0.236
diabetes No

yes
P

2457 (860-4178)
2655 (1131-4250)

0.414

37 (22-55)
43 (32-49)

0.449

3 (2-4)
4 (2-4)

0.454

7 (5-9)
8 (6-11)

hypertension No
yes
P

2714 (2099-4238)
2459 (830-4581)

0.426

41 (35-54)
36 (21-57)

0.286

3 (3-4)
3 (2-4)

0.254

7 (6-8)
7 (5-11)

0.870
obesity No

yes
P

2495 (995-4581)
2493 (830-4077)

0.576

39 (24-57)
32 (16-49)

0.105

3 (2-4)
3 (2-5)

0.440

7 (5-9)
7 (5-11)

0.848
on statin medication No

yes
P

2590 (860-4146)
2493 (979-4611)

0.991

40 (30-55)
37 (22-54)

0.654

3 (3-4)
3 (2-4)

0.547

7 (6-8)
7 (5-10)

0.859
Coronary heart disease No

yes
P

2557 (901-4146)
2457 (1131-4501)

0.668

37 (22-53)
44 (28-63)

0.314

3 (2-4)
3 (2-5)

0.806

7 (5-9)
7 (6-11)

0.384
Chronic heart failure No

yes
P

2493 (901-4238)
2778 (2157-6555)

0.128

37 (22-54)
47 (35-85)

0.048

3 (2-4)
3 (3-6)

0.050

7 (5-9)
11 (7-13)

0.016
Carotid artery disease No

yes
P

2263 (860-3765)
3640 (2493-6606)

0.027

36 (22-54)
49 (43-62)

0.055

3 (2-4)
4 (3-5)

0.107

7 (5-9)
8 (7-12)

0.045
Chronic renal disease No

yes
P

2476 (1097-4238)
3030 (2304-5679)

0.253

37 (22-54)
47 (39-57)

0.245

3 (2-4)
5 (4-5)

0.041

7 (5-9)
12 (9-13)

0.022
Peripheral artery disease No

yes
P

2457 (979-3594)
4340 (2304-5942)

0.023

36 (22-53)
51 (39-64)

0.031

3 (2-4)
4 (2-5)

0.073

7 (5-9)
9 (6-12)

0.078
Maximum aortic 

diameter (cm)
spearman
P

0.063
0.528

-0.68
0.500

-0.054
0.593

-0.144
0.149

aValues are median (interquartile range) or numbers (%) of observations.
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Our patient database contained preoperative CT and/
or CTA scans of AAA patients. Nowadays, the preferred 
method to study aaas is CTa. The agatston method is 
inapplicable in CTa imaging because the signal generated 
by the intravascular contrast medium interferes with that 
generated by the calcification of the aortic wall. This might 
explain the general lack of studies concerning the use of 
the Agatston method in studying AAA calcification, when 
compared to its common use in studying non-aneurysmatic 
aaC. since the preferred imaging modality used to study 
aaas is CTa, it may be questionable to perform both im-
aging modalities (CT/CTA) and submit patients to a double 
radiation exposure to study their AAAs. The semiquantita-
tive methods that we used in this study, namely ACI, offer 
an advantage over the as due to their applicability both in 
CT and CTA imaging. Likewise, modern workstations use 
volumetric methods to score AAA calcification and can be 
used in both imaging modalities. Nevertheless, its use is 
cumbersome and not readily available in most settings.

The research implication of this issue should be rein-
forced. other authors have reported on the considerable 
variation in the methods used by different investigators 
in assessing AAA calcification, making interpretation of 
these studies difficult.13 Taking studies that assess the ef-
fect of proximal neck calcification after EVAR as an ex-
ample, methods used to quantify calcification are most 
often ACT-based; definition of calcified neck among those 
studies include: qualitative assessment of the presence of 
“severe calcification,”12 percentage of circumferential cal-
cification in CT slices that are considered representative of 
the sealing zone,24 proportional volume of calcium com-
pared to total aortic volume in a specific aortic segment 
(neck);11 in some studies, the presence of calcification and 
thrombus are reported jointly.10 The presence of calcifica-
tion at the proximal sealing zone might prevent optimal 
adherence between the endoprosthesis and the aortic wall, 
leading to endoleaks and migration or might increase the 
risk of thromboembolism during the procedure.25 in the 
study of Wyss et al.,11 the presence of neck calcification 
assessed by the volumetric method correlated with higher 
adverse event rates. Notwithstanding, the study of Alber-
tini et al.12 where a qualitative assessment was used, such 
association was not demonstrated. It is possible that that 
variation in the methods used may, at least partially, justify 
this discrepancy.

The impact of AAC upon clinical variables were dif-
ferent when different methods of calcium scoring were 
used. This seems to be in agreement with our hypothesis 
that the heterogeneity in calcium scoring might be a con-

Using ACC8 revealed higher calcification in patients 
with chronic renal disease. AAC-24 differences were ap-
parent in patients with CD, with chronic heart failure and 
with chronic renal disease (Table III).

Discussion

In this study, we assessed the correlation between three 
semiquantitative methods and one computerized method 
of measuring AAC in the specific field of AAAs. We found 
that, in elective AAA patients, the amount of aortic calcifi-
cation measured by the aCi method has a high correlation 
to that measured using the as. furthermore, of the three 
semiquantitative methods used, ACI was the most repro-
ducible and was associated more often to demographic and 
clinical variables in the dataset that associated with the 
AS. Notably, different methods led to identification and 
valorization of different clinical variables, which agrees 
to the authors assumption that the use different methods to 
assess AAA AAC might contribute to conflicting reports 
noticed in the literature.

To the extent of our knowledge, only one study applied 
one of the abovementioned methods in the study of aaa 
calcification using CT/CTA, more specifically, the AAC-8. 
furthermore, there are no studies comparing the perfor-
mance of different methods available for this purpose.

We chose the agatston method as our gold standard to 
measure AAC mainly because it is a computerized quan-
titative method. Its major application is quantification of 
coronary artery calcium18, 19 and the amount of research 
using it to quantify aaC is relatively smaller and on non-
aneurysmatic aortas.20, 21 The fact that the observer had 
to manually select calcified regions of the aorta on two 
different occasions probably explains why the ICC for 
intraobserver agreement was not 1. However, the values 
obtained have been considered good regarding the repro-
ducibility of an abdominal aortic calcium measurement 
methods20, 22, 23

The correlation between AS and ACI was 0.816 despite 
not addressing the exact same aortic segments. While AS 
was calculated from the level of the lowest renal artery to 
the aortic bifurcation, ACI was used as described in the 
literature and accounted for 10 cm of the aorta starting at 
the level of the aortic bifurcation and moving uphill. We 
speculate that correlation might have been even better if 
a modified method of ACI would have been used, that is, 
covering the whole infrarenal aortic segment. Segment 
adjustment might have to be taken into consideration in 
future studies if regional aortic study is warranted.
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producible and the semiquantitative method that associ-
ated more often to demographic and clinical variables that 
associated with the computerized method. These findings 
suggest that aCi is a very reasonable tool to measure aCC 
in aaa and its use should be encouraged instead of other 
semiquantitative methods in research settings. This paper 
also underlines the upcoming need for automation in scor-
ing calcification and other aortic proprieties, ultimately 
leading to a clearer definition of the clinical implication 
of aaC in aaa.
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RESUMO

O tecido adiposo perivascular tem tido cada vez mais reconhecimento como um importante produtor de fatores vasoa-
tivos e de citocinas que podem ter um efeito parácrino direto na vasculatura devido à sua inerente proximidade. A 
este respeito, a interação tecido adiposo perivascular-vaso pode ser identificada como um novo alvo terapêutico de 
doenças vasculares.
Contrariamente a outros depósitos adiposos específicos, cuja importância tem sido crescentemente divulgada, as 
propriedades do tecido adiposo periaórtico abdominal permanecem obscuras. As substâncias produzidas por este 
compartimento adiposo podem desempenhar um papel nas vias patológicas que ocorrem em doenças como o aneurisma 
da aorta abdominal e/ou a aterosclerose aórtica. Abordagens para esclarecer a sua importância são passos fundamentais 
na definição de estratégias terapêuticas inovadoras que enderecem a adventícia em vez da íntima danificada das artérias. 

Palavras-chave
Aneurisma da aorta abdominal, doença arterial periférica, tecido adiposo visceral, tecido adiposo periaórtico.

Keywords
Abdominal aortic aneurysm, peripheral arterial disease, visceral adipose tissue, periaortic adipose tissue.

ABSTRACT

Perivascular adipose tissue has been increasingly recognized as an important producer of vasoactive factors and cyto-
kines that may have a direct paracrine effect on the vasculature due to the inherent proximity. In this regard, perivascular 
adipose tissue-vessel interaction might be identified as a novel therapeutic target of vascular diseases. Conversely to 
other specific adipose depots, whose characteristics have been disclosed, proprieties of abdominal periaortic adipose 
tissue remain obscure. Substances produced by abdominal periaortic adipose tissue may play a role in the pathologic 
pathways occurring in abdominal aortic aneurism and/or aortic atherosclerosis. Approaches to address this topic are 
fundamental steps towards innovative therapeutic strategies that address adventitia instead of the damaged intima of 
peripheral vessels.
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A evidência atual é favorável a que o risco cardiovascular 
não esteja simplesmente ligado à quantidade de tecido 
adiposo, mas também às suas próprias características 
(elementos celulares e secretoma), bem como à locali-
zação em que este se acumula.(4) Por exemplo, o tecido 
adiposo visceral presente no tronco e no abdómen parece 
conferir maior risco cardiovascular do que o tecido adiposo 
subcutâneo presente na periferia. Consequentemente, a 
medida da razão perímetro da cintura-anca constitui um 
melhor preditor de doença cardiovascular do que o tradi-
cionalmente utilizado índice de massa corporal.(5) 
Finalmente, há cada vez mais trabalhos que suportam uma 
associação entre depósitos específicos de tecido adipo-
so e as doenças cardiovasculares. No campo da doença 
arterial coronária, isto tem sido detalhadamente explo-
rado. A gordura epicárdica foi descrita como um marcador 
de risco quantificável e independente de doenças cardio-
vasculares. O seu papel ativo no desenvolvimento e vulne-
rabilidade da placa da artéria coronária nas artérias que 
rodeia foi igualmente demostrado(4). A tabela 1 exibe outros 
tecidos adiposos específicos e a sua associação com resul-
tados cardiovasculares.

INTRODUÇÃO

Nas últimas décadas foram investidos tempo e esforço na 
identificação de fatores de risco que podem contribuir para 
a presença e para a progressão das doenças vasculares. A 
contínua pesquisa por novos fatores tem como objetivo 
atingir medidas mais sensíveis de estratificação de risco 
ou oferecer novos alvos terapêuticos para a prevenção e o 
tratamento das doenças vasculares. 
O excesso de adiposidade associa-se ao aumento da inci-
dência de doenças cardiovasculares.(1) Os mecanismos 
explicativos incluem alterações na pressão arterial, na 
regulação da glicemia, no metabolismo lipídico e inflama-
ção sistémica global.(2) Além do armazenamento de energia, 
o tecido adiposo comporta-se como um órgão endócrino, 
afetando o metabolismo da glicose e a biologia vascular. A 
adiposidade visceral tem maior atividade endócrina do que 
a gordura subcutânea, modulando as concentrações de 
adipocinas, como a adiponectina e a resistina (marcadores 
de resistência à insulina), ou como o fator de crescimento 
transformante � e a interleucina 6 (mediadores inflamató-
rios). O tecido adiposo perivascular tem sido cada vez mais 
reconhecido como importante produtor de fatores vasoa-
tivos e de citocinas que podem ter um efeito parácrino 
direto na vasculatura devido à sua inerente proximidade(3) 
(Figura 1).

M. Neto et al.

Figura 01 : O tecido adiposo periaórtico abdominal como produtor de fatores vasoativos de citocinas que podem 
ter efeito na parede aórtica subjacente. 
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Tecido adiposo e aneurisma da aorta abdominal (AAA)

A contribuição do tecido adiposo como fator de risco de 
AAA permanece conflituante. O índice de massa corporal 
é um reconhecido marcador de adiposidade global. Uma 
meta-análise da associação entre obesidade e a presença 
de AAA incluiu 29.120 indivíduos com AAA e 3.163.575 sem 
AAA(6); não se verificaram diferenças estatisticamente 
significativas quanto ao índice de massa corporal no grupo 
AAA em relação ao grupo de controlo (diferença de médias 
0.46 kg/m2; intervalo de confiança a 95%, IC95% -0.07 a 
1.00 kg/m2; p=0.09). A obesidade não foi associada a um 
aumento significativo da prevalência de AAA (odds ratio 
1.07; IC95% 0.94 a 1.22; p=0.30). 

A utilização da adiposidade visceral ou medidas de apro-
ximação à adiposidade visceral como o perímetro da 
cintura revelou resultados mais controversos. O estudo 
de caso-controlo de Cronin O e colaboradores(7) avaliou 
a associação entre adiposidade visceral (medida através 
de tomografia computorizada) e a presença bem como o 
crescimento de AAA, incluindo doentes com (n=196) e sem 
AAA (n=181). A razão volume de tecido adiposo abdominal 

visceral-total não foi significativamente associada com o 
AAA após ajuste para outros fatores de risco. Além disso, 
a adiposidade visceral não foi associada com o crescimen-
to do AAA. Contrariamente, o trabalho de Stackelberg O 
e colaboradores(8) incluiu 597 doentes com AAA identifi-
cados por cruzamento de duas bases de dados a Swedish 
Inpatient Register e o Swedish Vascular Registry. Em análi-
se multivariada, doentes com elevado perímetro da cintu-
ra tinham um risco 30% superior de AAA (risco relativo, RR 
1.30, IC95% 1.05 a 1.60) em comparação com os que tinham 
perímetro abdominal normal. O risco de AAA aumentou 
15% (RR 1.15, IC95% 1.05 a 1.26) por cada aumento de 5 
cm no perímetro abdominal até um nível de 100 cm para o 
homem e 88 cm para a mulher. Não se verificou associação 
entre o índice de massa corporal e o risco de AAA.

Finalmente, a diabetes mellitus parece reduzir a prevalên-
cia e o crescimento do AAA.(9)(10) Sendo conhecida por indu-
zir um desequilíbrio dos produtos vasoativos derivados do 
tecido adiposo perivascular, será este impacto no desen-
volvimento aneurismático mediado pelas alterações ao 
nível do tecido adiposo?

Tabela 1     Estudos que abordam a associação entre depósitos específicos de tecido adiposo e resultados cardiovasculares.

Referências
Depósitos específicos 

de tecido adiposo
Participantes Resultados

Brinkley TE, 2014(20)

Gordura pericárdica, gordura 
periaórtica da aorta 

ascendente e do arco aórtico, 
GV e gordura subcutânea 

Adultos com (n = 385, 69 ± 8 anos, 
52% mulheres) e sem 

(n = 50, idade média de 69 anos, 
58% mulheres) fatores de risco 

de eventos CV 

Participantes com fatores de risco CV exibiram 
maior quantidade de gordura pericárdica, 

periaórtica e GV em comparação com os 
participantes sem fatores de risco. Quando 

emparelhados individualmente por idade, 
género, raça/etnia e IMC, a gordura periórtica 

foi maior nas pessoas com do que nas pessoas 
sem fatores de risco CV.

Britton KA, 2012(21) GPT e GV 

Participantes do 
Framingham Heart Study 
(n=3246, 48% mulheres, 

idade média 51,1 anos) 

Após ajuste para a idade e para GV, mulheres 
e homens com elevada GPT na ausência de 

GV elevada eram mais velhos e apresentavam 
maior prevalência de doenças CV em compara-
ção com aqueles sem GPT elevada. Os homens 

neste grupo eram mais propensos a ser 
fumadores, enquanto as mulheres eram mais 

propensas a ter baixo colesterol HDL.

Britton KA, 2013(22) GV, gordura pericárdica e GPT

Participantes do 
Framingham Heart Study 

(n= 3,086; 49% mulheres;
 idade media de 50,2 anos) 

A GV foi positivamente associada a doenças 
CV e a cancro. A adição de GV a um modelo 

multivariado que incluiu o IMC melhora modes-
tamente a previsão de risco CV.

Legenda: GV – gordura visceral, GPT – gordura periaórtica torácica, CV – cardiovascular, IMC – índice de massa corporal.
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Para além das abordagens gerais utilizando o índice de 
massa corporal, a adiposidade visceral ou o perímetro de 
cintura, os autores desconhecem estudos que avaliem a 
relação de outros depósitos específicos de tecido adipo-
so em relação com o AAA. Contudo, a relação da gordura 
periaórtica torácica com o diâmetro da aorta torácica e 
abdominal foi estudada nos participantes do Framingham 
Heart Study (11). Neste contexto, Thanassoulis G e colabo-
radores demostraram que a gordura periaórtica torácica, 
quantificada por tomografia computorizada, estava posi-
tivamente associada com as dimensões da aorta torácica. 
A área de interesse para a gordura periaórtica torácica 
incluiu a região imediatamente ao redor da aorta torácica, 
definida anteriormente por uma linha traçada horizon-
talmente ao nível do esôfago, e posteriormente pelo 
corpo vertebral. O tecido adiposo dentro desta região de 
interesse, definida como pixels com unidades Hounsfield 
entre -195 e -45, foi considerado gordura periaórtica. A 
associação persistiu após ajuste para idade, género e fato-
res de risco cardiovasculares, incluindo o índice de massa 
corporal e tecido adiposo visceral. Os resultados para a 
associação da gordura periaórtica torácica e as dimensões 
da aorta abdominal foram semelhantes. O ajuste adicional 
para adipocinas (resistina e adiponectina) não teve impac-
to significativo nessas associações.

Em suma, contrariamente aos marcadores de adiposidade 
global, que não parecem demonstrar associação com o AAA, 
os marcadores de depósitos adiposos específicos como o 
perímetro da cintura (adiposidade visceral) ou o volume de 
tecido adiposo periaórtico sugerem que a influência local/
regional do tecido adiposo na fisiopatologia do AAA deve 
ser considerada. 

Tecido adiposo e doença arterial periférica (PAD)

Embora a associação entre o índice de massa corporal e PAD 
seja inconsistente, a literatura sugere que a composição 
corporal, particularmente pessoas com elevada adiposida-
de central, pode conferir risco acrescido de PAD. (12) A obesi-
dade central, mas não o índice de massa corporal, já foi previa-
mente associada com PAD numa coorte de homens idosos.(13) 
Da mesma forma, nos participantes do estudo das Fraturas 
Osteoporóticas em Homens, a razão perímetro da cintura-

-anca, mas não o índice de massa corporal, foi associada a um 
menor índice tornozelo-braço.(14) A obesidade também já foi 
anteriormente associada à gravidade da PAD.(15)

O tecido adiposo periaórtico torácico e o tecido adiposo 
visceral foram estudados neste âmbito e ambos parecem 

correlacionar-se com pior função vascular. Britton KA e 
colaboradores (16) estudaram a associação entre o volume 
de tecido adiposo periaórtico torácico ou o tecido adiposo 
visceral e diferentes avaliações da função vascular nos 
participantes do Framingham Heart Study. Foi demostra-
do que o volume de tecido adiposo periaórtico torácico e 
de tecido adiposo visceral permaneciam negativamente 
associados com o tónus arterial periférico e com a velo-
cidade da onda de pulso carótido-femoral, mesmo após 
ajuste para o índice de massa corporal. O volume de teci-
do adiposo periaórtico torácico foi ainda negativamente 
associado com a velocidade de fluxo médio de hiperémia. 
Num outro trabalho, o volume de tecido adiposo periaór-
tico torácico foi associado com menores valores do índice 
de tornozelo-braço e com claudicação intermitente.(12) 
Na regressão logística multivariada, por cada 1 desvio-pa-
drão de aumento no tecido adiposo periaórtico torácico, o 
odds ratio para PAD foi de 1.52 (p=0.004). Estes resultados 
mantiveram-se após ajuste para índice de massa corporal 
ou tecido adiposo visceral, enquanto que nenhuma asso-
ciação foi observada para o tecido adiposo visceral. Da 
mesma forma, por cada aumento de desvio-padrão no índi-
ce de massa corporal ou no perímetro da cintura, nenhuma 
associação foi observada após a ajuste para o tecido adipo-
so visceral (índice de massa corporal, p=0.35; perímetro da 
cintura, p= 0.49).

Assim, à semelhança do que foi referido na seção anterior, 
são os depósitos adiposos específicos, sobretudo os peri-
vasculares os que mais se correlacionam com a PAD.

Expressão molecular do tecido adiposo periaórtico 

Um reduzido número de estudos concentrou-se na identi-
ficação de vias moleculares presentes em depósitos espe-
cíficos de tecido adiposo e na demonstração do seu efeito 
na vasculatura periférica adjacente.

Spiroglou SG e colaboradores (17) utilizaram métodos de colo-
ração imunohistoquímica para adipocinas em amostras de 
tecido adiposo periaórtico abdominal, tecido pericoronário 
e tecido epicárdico apical (n=41). A aterosclerose aórtica foi 
correlacionada positivamente com a quemerina, a vaspina, a 
visfatina e a leptina do tecido adiposo periaórtico abdominal. 
A aterosclerose coronária foi correlacionada positivamen-
te com a expressão de gordura pericoronária de quemerina 
e visfatina. A expressão de adiponectina do tecido adipo-
so foi correlacionada negativamente com a aterosclerose 
em ambos os locais. A expressão de adipocinas na gordura 
epicárdica apical não se associou com a aterosclerose.
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Para avaliar o perfil inflamatório de diferentes depósitos 
de tecido adiposo abdominal (gordura subcutânea e três 
depósitos de tecido adiposo visceral: mesentérico, omen-
tal e periaórtico), amostras dos respetivos tecidos foram 
colhidas em homens submetidos a cirurgia da aorta abdo-
minal (n=28)(18). Foi demonstrado que o tecido adiposo 
periaórtico continha os adipócitos mais pequenos, a maior 
densidade capilar e quantidades abundantes segregadas 
de adipocinas, sendo estes achados favoráveis uma even-
tual contribuição para as doenças vasculares.

Finalmente, Folkesson M e colaboradores (19) compararam 
o tecido adiposo periaórtico proveniente de doentes com 
aneurisma da aorta abdominal com doentes sem doen-
ça arterial conhecida proveniente de dadores de órgãos. 
A imunohistoquímica revelou neutrófilos, macrófagos, 
mastócitos e células T envolvendo adipócitos necróti-
cos. A análise da expressão de genes mostrou que mais 
neutrófilos, mastócitos e células T foram encontrados no 
tecido adiposo periaórtico em comparação com a pare-
de do AAA, bem como catepsina K e S. A concentração 
de ceramidas no tecido adiposo periaórtico apresentou 
correlação com o conteúdo de células T nesse tecido. 
Este estudo mostra que os adipócitos que cercam a aorta 
podem ser uma ótima fonte de leucócitos inflamatórios 
que são atraídos por adipócitos submetidos à necrose e 
por ceramidas pró-inflamatórias. Será viável o desenvol-
vimento de estratégias que impeçam a formação de teci-
do adiposo perivascular e que enderecem a inflamação do 
lado da adventícia?

Em suma, o tecido adiposo abdominal periaórtico assume 
uma diferente morfologia em relação a outros depósitos 
adiposos abdominais, verificando-se ainda uma expres-
são diferencial de adipocinas e de moléculas inflamatórias 
em função da patologia arterial adjacente. Estes resulta-
dos laboratoriais apresentam-se, pois, em linha com os 
achados provenientes de estudos de imagem menciona-
dos nas secções prévias. 

CONCLUSÃO

A evidência recente tem demonstrado uma associação 
entre depósitos específicos de tecido adiposo e diversas 
doenças vasculares periféricas. Embora a gordura perico-
ronária, a periventricular e a periaórtica torácica tenham 
sido amplamente caracterizados em contextos saudáveis 
e patológicos, pouco se sabe sobre compartimentos abdo-
minais específicos como o tecido adiposo periaórtico abdo-
minal e em que extensão pode afetar a fisiologia e fisiopa-
tologia das doenças aórticas. A comprovar-se a importância 
do tecido adiposo periaórtico abdominal, poderá seguir-se 
o desenho de estratégias terapêuticas inovadoras para as 
doenças da aorta. Por outro lado, uma vez que condições 
como a obesidade, diabetes mellitus, tabaco e hipertensão 
arterial se encontram associadas à desregulação do tecido 
adiposo perivascular, estes dados reforçam a importância 
do controlo destes fatores, sobretudo enquanto as hormo-
nas e citocinas produzidas pelo tecido adiposo ainda não 
forem um alvo terapêutico disponível. 
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WHAT THIS PAPER ADDS
A multicentre study was conducted to show differences in the distribution of abdominal fat deposits (including
perivascular adipose tissue, PVAT) among patients with abdominal aortic aneurysm (AAA), aortoiliac occlusive
disease, and patients without aortic disease. The presence of an AAA was an independent predictor of higher
PVAT density around the aneurysm sac than the healthy neck. This intra-individual PVAT difference was posi-
tively associated with aortic volume. The findings suggest that PVAT contributes to AAA pathophysiology via
local mechanisms.

Objectives: Perivascular adipose tissue (PVAT) is currently seen as a paracrine organ that produces vasoactive
substances, including inflammatory agents, which may have an impact on the vasculature. In this study PVAT
density was quantified in patients with an aortic aneurysm and compared with those with a non-dilated
aorta. Since chronic inflammation, as the pathway to medial thinning, is a hallmark of abdominal aortic
aneurysms (AAAs), it was hypothesised that PVAT density is higher in AAA patients.
Methods: In this multicentre retrospective case control study, three groups of patients were included: non-
treated asymptomatic AAA (n ¼ 140), aortoiliac occlusive disease (AIOD) (n ¼ 104), and individuals without
aortic pathology (n ¼ 97). A Hounsfield units based analysis was performed by computed tomography (CT).
As a proxy for PVAT, the density of adipose tissue 10 mm circumferential to the infrarenal aorta was analysed
in each consecutive CT slice. Intra-individual PVAT differences were reported as the difference in PVAT density
between the region of the maximum AAA diameter (or the mid-aortic region in patients with AIOD or
controls) and the two uppermost slices of infrarenal non-dilated aorta just below the renal arteries.
Furthermore, subcutaneous (SAT) and visceral (VAT) adipose tissue measurements were performed. Linear
models were fitted to assess the association between the study groups, different adipose tissue
compartments, and between adipose tissue compartments and aortic dimensions.
Results: AAA patients presented higher intra-individual PVAT differences, with higher PVAT density around the
aneurysm sac than the healthy neck. This association persisted after adjustment for cardiovascular risk factors
and diseases and other fat compartments (b ¼ 13.175, SE 4.732, p ¼ .006). Furthermore, intra-individual
PVAT differences presented the highest correlation with aortic volume that persisted after adjustment for
other fat compartments, body mass index, sex, and age (b ¼ 0.566, 0.200, p ¼ .005).
Conclusion: The results suggest a relation between the deposition of PVAT and AAA pathophysiology. Further
research should explore the exact underlying processes.
� 2018 European Society for Vascular Surgery. Published by Elsevier B.V. All rights reserved.
Article history: Received 22 January 2018, Accepted 6 July 2018, Available online 14 August 2018
Keywords: Adipose tissue, Perivascular adipose tissue, Abdominal aortic aneurysm, Aortoiliac occlusive disease,

Regression

INTRODUCTION

Perivascular adipose tissue (PVAT) is a special depot of
adipose tissue that surrounds the blood vessels. Besides
acting as a supportive tissue, PVAT is currently seen as a
paracrine and endocrine organ that produces a wide range
of biologically active molecules, which may have a profound
influence on the vasculature.1,2 Excessive accumulation of
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inflamed or dysfunctional PVAT has been proposed to be a
major risk factor for cardiovascular diseases.3

Pathophysiological involvement of the adventitial layer in
atherosclerosis has already been described in 19894 and
in vitro studies have shown that cytokines in supernatants
of human PVAT aorta caused migration of granulocytes,
monocytes, and T cells. This demonstrates that PVAT has
properties that may influence the process of vascular wall
inflammation, an important step in atherogenesis.5 Since
AAA and atherosclerosis share most of the risk factors,
accordingly the importance of the PVAT derived outside to
inside signalling in AAA pathophysiology might be
questioned.

Aside from the well known association with visceral ad-
ipose tissue,6 imaging studies in humans have also corre-
lated specific fat deposits with cardiovascular diseases.7e9

The thoracic aortic PVAT quantity, clinically examined by
computed tomography (CT), was found to be positively
associated with abdominal aortic calcification10 and nega-
tively with the ankle brachial index and intermittent clau-
dication.11 Although the association between visceral
adiposity and aortic dilation is conflicting,12,13 aortic PVAT
was positively associated with aortic diameter in individuals
from the Framingham Offspring and Third Generation co-
horts.14 This association persisted after adjustment for age,
sex, and cardiovascular risk factors including body mass
index (BMI) and visceral adipose tissue. However, the extent
of this contribution in the setting of AAA and the evolved
mechanisms under this association remain unclear.

It is hypothesised that in AAA, PVAT quantity is different
from peripheral artery disease and non-diseased aortas.
Differences may already be seen on CT angiography (CTA).
The aim of this study was to evaluate the distribution of
abdominal fat deposits including PVAT in patients with AAA
compared with aortoiliac occlusive disease (AIOD) and pa-
tients with healthy aortas.

METHODS

Ethics statement

The study was approved by the local ethics committee of
São João Hospital Centre and by the local ethics committee
of the VU Medical Centre. All experiments were carried out
in accordance with approved guidelines.

Study design

In this multicentre retrospective case control study, patients
followed in the outpatient setting with AAA or thoraco-
abdominal aneurysm were retrospectively consecutively
included between 2009 and 2016 in the two institutions if
CT was available. AAA patients presented with aneurysm
sizes close to the indication for elective repair and most
CTAs consisted of pre-operative imaging. Additionally and
identically, patients who underwent CTA because of symp-
tomatic AIOD and patients older than 50 years who un-
derwent CT scanning because of urinary stones (controls)
were included. Patients were excluded if they had ruptured

AAA, symptomatic AAA, inflammatory AAA (corresponding
to aneurysm with an exaggerated inflammatory component
which often incites a surrounding fibrotic reaction), clinical
symptoms suggesting aortic inflammation or inflammatory
aspects on CTA, previous abdominal aortic intervention,
active neoplasia, active infection, or incomplete CT scans.

Pre-operative CT scans were used to measure different
abdominal adipose tissue compartments: PVAT (including
intra-individual PVAT differences), visceral adipose tissue
(VAT), and subcutaneous adipose tissue (SAT). Comparisons
were made among AAA, AIOD, and control patients.

Demographic variables

Clinical baseline characteristics for all patients were
collected. BMI was defined as the weight (in kg) divided by
squared height (in m2). Diabetes was defined as fasting
plasma glucose � 126 mg/dL or hypoglycemic treatment.
Cigarette smoking was categorised as current, former, or
never. Hypertension was defined as systolic blood pressure
� 140 mmHg, diastolic blood pressure � 90 mmHg, or
antihypertensive therapy. Carotid artery disease was
defined as either absent, asymptomatic significant stenosis
(stenosis > 50%), history of transient ischaemic attack, or of
ischaemic stroke; coronary heart disease was defined as
either “no”, stable angina, unstable angina, or myocardial
infarction; previous coronary invasive intervention included
previous endovascular or open coronary revascularisation;
congestive heart failure was based on clinical and echo-
cardiogram findings; chronic renal insufficiency was defined
as absent, mild if plasma creatinine < 2.15 mg/dL, severe if
creatinine 2.15e5.00 mg/dL, or terminal if
creatinine > 5.00 mg/dL or dialysis or kidney transplant;
chronic obstructive pulmonary disease was defined as
either “no” or “yes” based on spirometry results, when
available, or in the medical records; peripheral arterial
disease was defined as either “absent”, “asymptomatic”,
“intermittent claudication (Fontaine IIa/b or Rutherford 1e
3)” or “critical limb ischaemia (Fontaine III/IV or Rutherford
4e6)”); routine medication included statins, antihyperten-
sive drugs, antiaggregants and/or anticoagulants, and
digoxin/lanoxin.

CT/CTA imaging protocol

CT/CTA scanning in a supine position using a 64 slice mul-
tiple detector CT was performed in all patients in the study
population. Scan parameters were determined by the Right
Dose indicated by manufacturer, which aims to find the
right dose for every individual patient, balancing between
image quality and radiation dose. Slice thickness of the
available scans varied from one mm to five mm. Measure-
ments were performed at intervals of 5e6 mm. Osirix
Medical Imaging Software (OsiriX Foundation, Geneva,
Switzerland) was used for measurements. Contrast
enhancement was adjusted with a windows level (contrast)
of 143 Hounsfield units (HU) and a windows width
(brightness) of 411 HU.
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Assessment of maximum AAA diameter and AAA volume

The main axis of each AAA was determined and maximum
AAA diameter was obtained as the maximum length be-
tween opposite walls of the AAA in a plane perpendicular to
that main axis. For the calculation of the AAA volume, the
regions located immediately below the emergence of the
lowest renal artery and immediately above the aortic
bifurcation were considered. In each slice, the region of
interest was manually selected according to protocol and
the volume was automatically calculated using Osirix.

Adipose tissue measurements

The CT attenuation in absolute HU corresponds to tissue
properties; a HU range from �195 to �45 HU was applied
to identify pixels containing adipose tissue according to
Schlett et al.15 Previous literature shows that �107 � 8 HU
is the mean of the range where the attenuation borders of
adipose tissue are starting, varying until þ45 HU. Therefore,
in the literature a “halfway method” is used.16 While in
early publications a halfway upper boundary of �30 HU is
used as the cut off point, more recent literature
indicates �45 HU to be the upper boundary.17,18 Therefore,
this range was used in this study. Pixels within this range
were dichotomously converted into a “1”, while pixels
outside this range were converted into a “0”. Afterwards,
the adipose tissue pixels were summed up and measured
per cm2.

In order to study visceral and subcutaneous adipose tis-
sue, measurements were performed in a specific CT slice, as
shown by Demerath et al.19 to be the most accurate level at
approximating the VAT/SAT ratio for the entire abdomen;
the axial slice 60 mm cranial to the L4/L5 intervertebral disc
(Figure S1A). The VAT/SAT ratio was represented as the
number of fat pixels in the visceral adipose tissue area
divided by the number of fat pixels in subcutaneous adipose
tissue area.

Measurements of PVAT were based on the method
described by Schlett et al.15 Following the close relationship
between abdominal aortic PVAT and the aortic diameter,
measurement of this fat depot is performed using
concentric rings calibrated to the vessel diameter. In order
to study PVAT in a standardised manner, a region of interest
(ROI) in each slice was defined with a diameter of 10 mm
circumferential to the outer contour of the aorta. The pre-
defined ROI was centred over the aorta. This stand-
ardisation enabled the definition of a hollow cylinder of
aortic PVAT. Aortic area, the area of the circumferential ring
around the aorta, and the number of fat pixels in that ring
were measured in contiguous slices, starting with the first
slice distal to the lowest renal artery and ending at the
aortic bifurcation (Figure S1B).

The aortic bifurcation was considered as the slice
immediately above the visualisation of two separate com-
mon iliac arteries or the distal slice where the transverse
and antero-posterior aortic diameters did not differ more
than 1.5 times. Analyses of 10 mm thick ROIs in the
vertebral bone and intervertebral discs nearest to the

adjacent aorta has shown that these structures do not
significantly contain adipose tissue, according to above-
mentioned HU for adipose tissue. Hence, vertebral bones or
intervertebral discs were not excluded from the ring of
PVAT included during measurements. These measurements
enabled the calculation of PVAT density in each slice as the
ratio between the number of fat pixels inside the ring and
the area of the ring, representing a proxy for aortic PVAT
density.

The average density of PVAT pixels among all slices, the
average abdominal aortic PVAT density, was compared be-
tween AAA patients and the two control groups. Addition-
ally, PVAT density in two aortic regions of the same patient
(i.e., intra-individual PVAT) were compared: the two up-
permost slices of infrarenal aorta (Region 1) and the region
of maximum aortic diameter in patients with infrarenal AAA
or the cranio-caudal mid-aortic region in patients with AIOD
and in controls (Region 2). Intra-individual PVAT difference
was reported as the difference between the mean PVAT in
Region 2 minus the mean PVAT in Region 1 (Figure S1C).
Intra-individual PVAT assessment was performed to explore
regional differences in PVAT density within the same in-
dividuals by comparing diseased and non-diseased aortic
segments. Patients with an infrarenal neck < 1 cm (jux-
tarenal or thoraco-abdominal aneurysms) were excluded
from this specific analysis, since no healthy neck measure-
ments could be performed. To adjust for baseline anatom-
ical differences in PVAT density distribution along the aorta,
these differences were compared with AIOD and control
patients.

Reproducibility assessment

Inter-observer reproducibility of adipose tissue measure-
ments was assessed by two independent analysts in 50
randomly selected patients.

Statistical analysis

Continuous variables were expressed as mean � standard
deviation when normally distributed and as median and
interquartile range when skewed. Categorical variables
were expressed as percentages.

Univariable analysis of putative determinants of each
adipose tissue compartment was performed by one way
ANOVA. Separate linear regression models were fitted to
model each adipose tissue compartment. The multivariable
linear regression models included the covariables of age,
sex, risk factors, cardiovascular diseases, and current
medication. Variables were introduced in the model if they
showed statistic relevance in univariable analysis (p < .25)
or based on subject matter consideration for known or
thought to be important variables. A hybrid forward selec-
tion and backward elimination approach was undertaken
and a final model was chosen based on the maximum
adjusted R2 and the minimum standard error of the esti-
mate. In a secondary analysis, linear regression models
were further fitted to assess the association between adi-
pose tissue compartments and aortic dimensions.

Periaortic Adipose Tissue in Abdominal Aortic Aneurysm 665
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Furthermore, 50 CT scans were independently assessed
by two analysts. The intraclass coefficient index was used to
report the inter-observer reproducibility of VAT, SAT, and
PVAT measures. All analyses were performed with SPSS
version 24.0.0.0. A p value < .05 was considered statistically
significant.

RESULTS

Patient characteristics

The present study comprised infrarenal AAA patients and
patients with abdominal aneurysms extending above the
renal arteries (such as thoraco-abdominal aortic aneurysms
Crawford Type II, III, or IV) (n ¼ 140, from which 32 were
thoraco-abdominal or AAA with less than 1 cm of healthy
infrarenal neck [i.e., juxtarenal]), patients with AIOD
(n ¼ 104), and controls without aortic disease (n ¼ 97) with
a mean age of 72 � 8 years, 63 � 10 years, and 64 � 11
years, respectively. Patient characteristics are summarised
in Table 1 and Table S1.

Aneurysm and PVAT characteristics

AAA patients presented with a maximum aortic diameter of
6.1 � 1.4 cm. Average maximum aortic area was
29.5 � 14.4 cm2 in the AAA group, 3.5 � 1.4 cm2 in the
AIOD group, and 3.1 � 0.8 cm2 in the control group. Mean
maximum aortic volume, VAT/SAT ratio, PVAT, and intra-
individual PVAT differences are described in Table 1.

Adipose compartments

Analysis of the adipose tissue compartments among the
groups showed that there were disparities in the

distribution of fat among the adipose tissue compartments
(Fig. 1AeC).

Visceral obesity

Compared to other groups, AAA patients presented higher
visceral obesity expressed as VAT/SAT ratio in unadjusted
analysis (p ¼ .012). However, this association did not persist
after adjustment for cardiovascular risk factors and diseases
in a multivariable regression model (Table 2).

PVAT density

The patients with AIOD showed lower PVAT density than
other groups (p < .001). Nevertheless, further analysis us-
ing a linear regression model led to loss of statistical sig-
nificance (Table 2).

Intra-individual PVAT difference

In the control group, the intra-individual PVAT between
Region 2 and Region 1 was not statistically different from
0 (mean difference �4.72, 95% CI e10.74 to 1.29;
p ¼ .123), which means that PVAT density showed no dif-
ference between the regions. Patients with AIOD presented
more PVAT density in Region 1 than in Region 2 (mean
difference �5.59, 95% CI e10.22 to �0.96; p ¼ .018) and,
inversely, patients with AAA present more PVAT density in
Region 2 than in Region 1 (mean difference 7.97, 95% CI
3.31 to 12.63; p ¼ .001).

Comparison of the intra-individual PVAT difference within
each patient among the three groups showed a significantly
higher intra-individual PVAT difference in patients with AAA
than their counterparts, with a higher PVAT density in the
sac than in the neck. Intra-individual PVAT differences from
AIOD were not statistically different from controls. The

Table 1. Clinical, aortic and adipose tissue characteristics of overall sample.

AAA AIOD Control p
N 140 104 97
Clinical characteristics

Gender Male 113 80.7% 78 75.0% 50 51.5% < .001
Age 71.57 � 8.21 63.31 � 9.65 64.26 � 11.36 < .001
BMI 25.84 � 3.79 25.27 � 5.23 27.92 � 4.07 .001

Aortic dimensions
Maximum aortic
diameter (cm)

6.1 � 1.4 2.1 0.4 2.0 0.2 < .001

Maximum
transverse area
(cm2)

29.47 � 14.40 3.49 � 1.35 3.13 � .79 < .001

Infrarenal aortic
volume (cm3)

208.77 � 174.24 22.82 � 9.42 21.81 � 7.05 < .001

Adipose tissue characteristics
VAT/SAT ratio 1.49 � 0.75 1.21 � .79 1.23 � .73 .006
PVAT density (units) 81.68 � 31.68 60.21 � 32.91 84.11 � 33.41 < .001
Intra-individual
PVAT differences
(units)

7.97 � 24.43 �5.59 � 23.80 �4.72 � 29.86 < .001

Note. Values represent means � standard deviation or count and percentage where otherwise specified. AAA ¼ abdominal aortic
aneurysm; AIOD ¼ aortoiliac occlusive disease; BMI ¼ body mass index; VAT/SAT ¼ visceral adipose tissue/subcutaneous adipose
tissue; PVAT ¼ perivascular adipose tissue.
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Figure 1. Distribution of adipose tissue compartments among groups in univariable analysis: visceral adipose tissue (A), PVAT density (B)
and intra-individual PVAT differences (C). AAA ¼ abdominal aortic aneurysm; AIOD ¼ aortoiliac occlusive disease; PVAT ¼ perivascular
adipose tissue; SAT ¼ subcutaneous adipose tissue; VAT ¼ visceral adipose tissue.

Table 2. Association between adipose tissue compartments and presence of aortic diseases: abdominal aortic aneurysm or aortoiliac
occlusive disease.

Adipose tissue
compartments (units)

Unadjusted Risk factors and
cardiovascular
diseases adjusted

þ VAT/SAT and
PVAT adjusted

b (SE) p b (SE) p b (SE) p
VAT/SAT ratio AAA 0.254 (0.100) .012 �0.035 (0.147)a .814 e e

AIOD �0.026 (0.107) .807 �0.312 (0.189)a .101 e e
PVAT density AAA �2.434 (4.301) .572 2.605 (9.630)b .788 e e

AIOD �23.905 (4.596) < .001 0.403 (25.842)b .988 e e
Intra-individual PVAT
differences

AAA 12.869 (3.645) .001 13.051 (4.625)c .005 13.175 (4.732) .006
AIOD �0.869 (3.678) .813 6.678 (6.093)c .274 7.111 (6.376) .266

AAA ¼ abdominal aortic aneurysm; AIOD ¼ aortoiliac occlusive disease; BMI ¼ body mass index; ACEI/ARA ¼ angiotensin converting
enzyme inhibitors/angiotensin receptor antagonists; VAT/SAT ¼ visceral adipose tissue/subcutaneous adipose tissue;
PVAT ¼ perivascular adipose tissue.
a Adjusted for the following covariables: gender, diabetes, hypertension, smoking (current, former, or never), coronary heart disease,
peripheral artery disease, BMI, anticoagulation, antiplatelet therapy, vasodilator, IECA/ARA, diuretics, calcium channel blockers, beta
blockers, statins.
b Adjusted for the following covariables: gender, age, diabetes, hypertension, smoking (current, former, or never), coronary heart disease,
history of cardiac treatment, peripheral artery disease, BMI, anticoagulation, antiplatelet therapy, vasodilator, IECA/ARA, diuretics, calcium
channel blockers, beta blockers, statins.
c Adjusted for the following covariables: gender, age, hypertension, coronary heart disease, history of cardiac treatment, peripheral artery
disease, vasodilator, IECA/ARA, statins.
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association persisted after adjustment for cardiovascular
risk factors and diseases and other fat compartments. Ac-
cording to the model, the presence of an AAA increased
patients’ intra-individual PVAT differences by 13.2 units
(standard error of 4.7, p ¼ .006) (Table 2).

Aortic volume

To explore these findings, the relation between BMI, SAT/
VAT, and PVAT properties with aortic dimensions was
studied. As shown in Table 3 and Fig. 2, all adipose tissue
compartments showed a correlation with aortic di-
mensions. Intra-individual PVAT differences presented the
highest positive correlation with aortic dimensions, mean-
ing that the higher PVAT density in Region 2 (region of
maximum aortic diameter in patients with infrarenal AAA or
the cranio-caudal mid-aortic region in patients with AIOD
and in controls), the larger the aortic diameter. Further
modelling revealed that this association was maintained
after adjustment for other fat compartments, BMI, sex, and
age. According to this model, for every additional unit in
intra-individual PVAT differences, the aortic volume
increased by a mean of 0.6 (standard error 0.2, p ¼ .005)
(Table 4).

Assessment of reproducibility of adipose tissue
measurements

The intraclass correlation coefficient and the respective 95%
CI of PVAT, VAT, and SAT densities were, respectively, 0.97
(0.95e0.99), 0.98 (0.96e0.99), and 0.94 (0.89e0.97).

DISCUSSION

In this multicentre, case control study, the main finding was
that AAA patients had higher intra-individual differences in
PVAT density, with a higher PVAT density around the
aneurysm sac than the healthy neck. With respect to the
primary research question, the hypothesis that on CTA,
differences in PVAT quantity exist for patients with AAA,
was supported. It is interesting to note that this difference
was observed within individual AAA patients when the
healthy neck was compared with the aneurysmal part of the
aorta, therefore correcting for inter-individual differences.

Previous literature has shown that inflammation plays a
critical role in the pathophysiology of AAA.20 Also, it is now
well established from a variety of studies that PVAT exhibits
adventitial encroachment to the adjacent vessel and is
interspersed with vasa vasorum,21,22 being a good candi-
date for paracrine signaling. Furthermore, there is a growing
body of literature that recognises PVAT as key player in

atherosclerosis pathophysiology by “outside in” signal-
ling23,24 or that a communication between adipose tissue
and the vessel wall might be bidirectional.25 Potentially,
adipose tissue adjacent to the aorta may have similar local
effects on aortic wall remodelling and dilatation in AAA
because of inflammatory crosstalk. It is considered, there-
fore, that increased density in PVAT represents more PVAT
adipocytes and, subsequently, a greater inflammatory
burden.

Interestingly, it is also possible that higher PVAT density
in the sac region may partly reflect locally increased fat
pixels in the aortic wall itself. Recently, adventitial presence
of adipocyte clusters connected by intertwining strands of
matrix were proposed as a dysregulated repair mechanism
of AAA disease, a process seen in several chronic dis-
eases.26e28

Measurements of abdominal aortic PVAT have been
hampered by the inability to resolve the concerns related to
the retroperitoneal lining and the inherent correlations
between abdominal aortic diameter and abdominal PVAT
volume.14 To address the difficulties related to the volu-
metric measurements in a population prone to aortic
diameter changes (that is, AAA patients), a density
approach was used as a proxy for abdominal aortic PVAT
quantity. Considering the ratio between the fat pixels and
the area of a circle that extends from the outer contour of
the aorta by 10 mm, in each slice, the close relationship
between abdominal PVAT and the aortic diameter is obvi-
ated; independent from changes in aortic diameter. There-
fore, previously reported measurement problems because
of differences between transverse and anteroeposterior
diameter15 were not a problem in the protocol.

Another important feature of the protocol was that PVAT
densities were assessed in two separate regions of the
aorta, allowing the comparison of healthy and aneurysmal
segments individually within the same patient. This self
matching helps to control for factors that are stable over
time in the same person, such as gender and established
comorbidities.

The reported levels of antiplatelets and statins in patients
with symptomatic AIOD were relatively low. A possible
explanation for these results may be the time of data
collection, which was the same time as CTA. Consequently,
there was no diagnosis yet, and patients were not phar-
macologically treated.

These data must be interpreted with caution because of
the cross sectional and observational retrospective nature
of this study. Also, other clinical characteristics that were
not analysed might impact the outcomes of the different

Table 3. Correlations of body mass index and adipose tissue compartments with abdominal aortic dimensions.

Adipose tissue compartments Maximum aortic diameter Maximum aortic area Aortic volume
Pearson’s correlation p Pearson’s correlation p Pearson’s correlation p

BMI e.064 .322 e.066 .313 e.071 .233
VAT/SAT ratio .157 .004 .143 .008 .131 .015
PVAT density .151 .005 .136 .012 .146 .007
Intra-individual PVAT difference .227 < .001 .200 < .001 .219 < .001

BMI ¼ body mass index; VAT/SAT ¼ visceral adipose tissue/subcutaneous adipose tissue; PVAT ¼ perivascular adipose tissue.
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groups. Furthermore, the patient sample was predomi-
nantly of white Europeans and therefore results may not
apply to other racial groups. Nevertheless, included patients
are from two multicultural clinics in different parts of
Europe, conferring ethical diversity.

These findings may also be somewhat limited by the
measurement protocol. The root of the mesentery, which
also consists of adipose tissue, is partly in the adipose tissue

area studied circumferentially to the aorta. This adipose
tissue, however, is separated from PVAT and aortic adven-
titia by a dual layer of peritoneum, preventing paracrine
signaling. Also, within this spectrum of HU for adipose tis-
sue, no inflamed or dysfunctional adipose tissue could be
identified. It is important to bear in mind that the present
study only shows data provided from CT scans. Tissue an-
alyses on PVAT across aortic pathologies could provide

Figure 2. Correlations between (A) aortic volume and BMI, (B) aortic volume and VAT/SAT ratio, (C) aortic volume and PVAT density, and
(D) aortic volume and intra-individual PVAT difference. AAA ¼ abdominal aortic aneurysm; AIOD ¼ aortoiliac occlusive disease;
BMI ¼ body mass index; PVAT ¼ perivascular adipose tissue; SAT ¼ subcutaneous adipose tissue; VAT ¼ visceral adipose tissue.

Table 4. Association of intra-individual difference in PVAT with maximum aortic diameter.

Adipose tissue
compartments (units)

Unadjusted þ Fat compartments
adjusteda

þ Age and gender

b (SE) p b (SE) p b (SE) p
Intra-individual PVAT difference 0.242 (0.059) < .001 0.220 (0.067) .001 0.173 (0.065) .008

BMI ¼ body mass index; VAT/SAT ¼ visceral adipose tissue/subcutaneous adipose tissue; PVAT, perivascular adipose tissue.
a Adjusted for the following covariables: BMI, VAT/SAT ratio and PVAT density.
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additional insights into the pathophysiological role of PVAT.
Lastly, only patients with advanced (large AAA and symp-
tomatic AIOD) were included, precluding assessment of
differences in the PVAT parameters in small versus large
AAA patients, which might further support the pathophys-
iological involvement.

CONCLUSION

In this study, the presence of an aneurysm was an inde-
pendent predictor of increased intra-individual PVAT dif-
ferences. Furthermore, intra-individual PVAT difference was
associated positively with aortic volume, suggesting a novel
correlation for AAA. These findings raise intriguing ques-
tions regarding the nature and extent of the PVAT contri-
bution to AAA pathophysiology via local mechanisms, a
novel concept of crosstalk between adipose tissue and
aorta. Further research focusing on the expression of PVAT
should be undertaken to investigate the exact interplay
between PVAT and aorta in both healthy and in aneurysmal
conditions.
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In a 61 year old male candidate for abdominal aortic aneurysm (AAA) repair, pre-operative coronary angiography showed an
aneurysm of the proximal left anterior descending artery (8.4 � 9 mm; panel A). Coronary aneurysm exclusion was per-
formed by implantation of a double layer of drug eluting stents (Resolute Onyx, Medtronic plc, Minneapolis, USA; panel B),
under local anaesthesia and radial access. Endovascular AAA repair was performed one month later. Asymptomatic coronary
artery aneurysms can be found in 16% of AAA patients. Percutaneous coronary aneurysm exclusion can be a safe inter-
vention that might prevent potential future complications during AAA repair.
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Abstract  

Background: Perivascular adipose tissue (PVAT) contributes to vascular homeostasis and is increasingly linked to 
vascular pathology. PVAT density and volume are associated with abdominal aortic aneurysm (AAA) presence 
and dimensions in imaging techniques. However, the mechanisms underlying the role of PVAT in the occurrence 
of AAA have not been clarified. Our study aims to explore differences in PVAT off AAA when studying histology, 
gene expression and functional tests.  
Materials & Methods: Human aortic PVAT and control subcutaneous adipose tissue was collected during open 
surgery from patients suffering from AAA. Histology, gene analyses and functional tests were performed. Two 
control groups were composed, consisting of peripheral aortic occlusive disease (PAOD) and healthy aorta from 
non-living renal transplant donors. Histological analyses including adipocyte size and fibrosis in PVAT were 
examined to clarify previous imaging findings in density. Gene expression tests were performed to study genes 
potentially involved various inflammatory processes and AAA related genes. Subcutaneous adipose tissue (SAT) 
and PVAT from AAA were used for ex vivo co-culture with smooth muscle cells (SMC) retrieved from non-
pathologic aortas.  
Results: Adipose tissue was harvested from 36 AAA patients, 9 PAOD patients and 8 control patients. Adipocyte 
size was smaller in PVAT from patients with AAA compared to controls or PAOD patients (3.1 vs. 3.8 and 3.7 µm2, 
p<.001). Furthermore, there was a higher proportion of fibrosis in PVAT from patients with AAA compared to 
controls or PAOD patients (0.03% vs. 0.01% and 0.02%, p=.026). Next, an increased inflammatory gene 
expression of PTPRC (p=.008), CXCL8 (p=.033), LCK (p=.003), CCL5 (p=.004) and an increase in extracellular matrix-
down-breaking MMP9 (p=.016) was found in AAA compared to controls. Also, there was a decreased anti-
inflammatory gene expression of PPARG in AAA compared to controls (p=.040). Co-cultures of SMC from non-
pathologic aortas with PVAT from AAA showed increased MMP9 (p=.033) and SMTN (p=.008) expression and SAT 
increased SMTN expression in these SMC.  
Conclusions:  Our data reveal that PVAT from AAA shows smaller adipocytes and increased fibrosis, which are 
known characteristics of inflamed adipose tissue. Furthermore, an increased proinflammatory and matrix 
metallopeptidase gene expression and decreased anti-inflammatory gene expression were found in PVAT from 
AAA. Lastly, increased expression of genes involved in aneurysm formation was found in healthy SMC co-culture 
with PVAT of AAA patients. Therefore, PVAT from AAA contributes to inflammation of the adjacent aortic wall 
and hereby plays a role in the pathophysiology AAA, and could be a new therapeutic target in AAA treatment.  
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Introduction 
 
Cardiovascular diseases are persistently listed among the diseases with highest morbidity and mortality 1. 
Abdominal aortic aneurysm (AAA) is an irreversible pathology where dilation of the aorta can lead to fatal rupture 
2. Pathogenesis of AAA, and the role of peripheral aortic occlusive disease (PAOD) therein, remains unclear. 
Although PAOD is an independent risk factor for AAA development, AAA also often arise without presence of 
atherosclerosis 3. Recent literature has shown an increased interest in the role of inflammation in both PAOD 
and AAA 4,5. Therefore, inflammation is studied as a promising target for medical therapy to attenuate growth 
and prevent rupture of AAA 6–9. 
 Perivascular adipose tissue (PVAT) surrounding the conduit arteries was until recently thought to 
function merely as mechanical support. However, there is a growing body of literature that support PVAT as a 
tissue interacting with arteries in a paracrine fashion, with a pathogenic role in cardiovascular diseases 10–12. It 
has been observed that PVAT volume positively associates with both thoracic and abdominal aortic dimensions 
13. We have recently found that patients with AAA present a higher PVAT density at the region of the maximum 
AAA diameter, compared to the healthy neck of the aneurysm. 14. This was; however, not previously correlated 
to histologic findings. 

Similar to other adipose tissues, PVAT at different anatomical sites secretes different biologically active 
substances (adipokines including cytokines, chemokines and growth factors), which can prevent, decelerate, 
induce or exacerbate atherosclerosis 15–19. For example, the protective role of adiponectin in the onset of cardiac 
atherosclerosis is not found in aortic atherosclerosis 16. Furthermore, expression levels of IL-1β, IL-6, and Leptin 
were higher in PVAT of atherosclerotic coronary arteries than in PVAT of internal thoracic arteries from the same 
patients 20. To date, only a limited number of studies have reported on changes of PVAT in AAA. In the available 
literature, increased occurrence of necrosis, inflammation, fibrosis and proteolysis was found, potentially leading 
to macrophage infiltration and altered vascular smooth muscle cell function 21–23.  

As proposed by Kakisis in the commentary to our previous study24, our CT scan results in that study 
raised follow-up questions regarding histopathological alterations and underlying pathways, answers to which 
might lead to new prevention or conservative treatments in AAA. In the current study, we investigated the 
mechanisms underlying the role of PVAT in the occurrence of AAA, and tested the hypothesis that PVAT plays a 
role in inflammation of the aneurysmal abdominal aortic wall. We examined histological alterations in PVAT of 
AAA patients, we studied the RNA expression of PVAT in non-pathologic aortas and AAA and performed live ex 
vivo stimulation of smooth muscle cells (SMC) using SAT and PVAT. 
 
Methods 
 
Ethical considerations, study design and human tissue samples 
The present study was approved by the Medical Ethical Committee of the Amsterdam University Medical 
Centers, Location VUmc (Amsterdam, the Netherlands) and local approval was obtained from the Medical Ethical 
Committees at Dijklander Ziekenhuis (Hoorn, the Netherlands) and São João University Hospital Center (Porto, 
Portugal). Informed consents were signed by patients and in case of acute surgery for ruptured aneurysm repair, 
delayed informed consent was received in the postoperative period as soon as a stable health situation was 
achieved in patients. Post-mortem tissue of anonymous donors was obtained in accordance with guidelines of 
Medical Ethical Committee of the Amsterdam University Medical Centers, Location VU Medical Center. All 
experiments were performed in accordance with relevant guidelines and regulations. 

This was a prospective translational study in which human aortic PVAT was collected during open 
surgery from patients suffering from AAA, PAOD, and from post mortem renal donation (control tissue). Figure 
1 shows a full schematic overview of the study setup. The tissue was collected at the operating theatre in three 
hospitals (Amsterdam University Medical Centers, Location VU Medical Center, Amsterdam, the Netherlands, 
Dijklander Ziekenhuis, Hoorn, the Netherlands and São João University Hospital Center, Porto, Portugal) 
according to the same protocol and quality standards. Tissue samples were directly cut and I) fixated in formalin, 
II) snap frozen in liquid nitrogen and consecutively stored in -80 °C freezers until analysis or III) cultured.  

 
Demographic variables 
Clinical characteristics of all patients included in this study were collected from the electronic health records. 
These included: gender, age, AAA diameter, body mass index (BMI) (calculated as weight [in kg] divided by 
squared height [in m2]), diabetes mellitus, statin use and smoking habits.  
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Histology 
To avoid the degradation of the tissue as a result of under-fixation and fixative procedures that lead to 

variable tissue “shrinkage”, a standard procedure was strictly followed for adipose tissue fixing and dehydration. 
After collection, the depot of interest was covered with >10-fold volume (mL) of 10% formalin to tissue (g) and 
kept at 4ºC for a minimum of 72 h. Preserved tissues were then paraffin processed and embedded tissue samples 
were faced off using a high-profile microtome blade. Three micrometre slides were stained with haematoxylin 
and eosin for quantification of the area of the adipocytes and Masson's Trichrome for assessment of fibrosis 25,26. 

For quantification of the area of PVAT adipocytes, 100 adipocytes were counted to obtain an accurate 
estimation of adipocyte sizes within an adipose tissue depot; according to previous publications counting of 100 
adipocytes also results in a similar distribution of adipocyte sizes compared to 300, 500, and 1000 adipocytes 25. 
Fibrosis was assessed in photos depicting sections filled with adipocytes and that lacked blood vessels. 

Using a Zeiss inverted microscope at least five representative photos of each section were taken with a 
10 × and 20 × objective using a monochrome AxioCAM MrC camera (Carl Zeiss, Oberkochen, Germany). A 
semiautomated custom image analysis protocol was developed using ImageJ image analysis software (v.152, 
National Institutes of Health, Bethesda, MD, USA) to quantify the area of the individual adipocytes and the 
proportional area of fibrosis in each photo. 

 
RNA Isolation and Quantitative PCR 
Tissue pieces of 2 × 2 × 2 mm were homogenized in 2.0 mL RNase-free Microfuge Tubes (Thermo Fisher Scientific 
Inc., Waltham, MA, USA) using either 300 µl of lysis buffer (Zymo Research, Irvine, CA, U.S.A.) and bead lyser and 
homogenizer (TissueLyser II, Qiuagen, Hilden, Germany). Sequentially, total RNA was extracted from the 
homogenized tissue solutions using Quick-RNA TM MiniPrep Plus (Zymo Research). According to manufacturer’s 
instructions for use, first strand cDNA synthesis was performed using the VILO kit (Thermo Fisher Scientific Inc.). 
As housekeeping genes YWHAZ, TBP and HPRT were used and by use of Light Cycler SYBR Green I Master (Roche 
Applied Science, Penzberg, Germany) gene expression was analyzed by the LightCycler 480 Instrument II (Roche 
Applied Science). 

In a 10μl solution (consisting of 1μl forward/reverse primer solution [10 pmol/µl], 5μl Light Cycler 
Mastermix [Light Cycler 480 SYBR Green I Master, Roche Applied Science], 2μl of five times diluted cDNA and 2μl 
PCR-grade H2O) qPCR reactions were prepared.  

Absolute gene expression was determined using LightCycler software (RocheApplied Science), based on 
a standard curve of five serial reference dilutions (ranging from 10ng to 80pg of cDNA derived from human 
reference RNA (Agilent Technologies, Santa Clara, CA, USA). According to the Fit Points Method, PCR efficiency 
was automatically assessed and gene expression results were excluded if PCR efficiency was outside range of 
1.85-2.0. Relative gene expression of all genes was based on normalization factor of housekeeping genes YWHAZ, 
TBP and HPRT. Therefore, normalization factor was calculated using geometric mean of housekeeping genes and 
individual genes were divided by normalization factor simultaneous to our previous publications. 27,28 

An initial set of primers was designed based on available literature on AAA and PAOD. The set included 
the following primers: of IL6, PTPRC, CXCL8, MCP1, PLIN1, SAA1, TIMP1, TIMP2, MMP9, MMP2, ADIPOQ, LEP, 
ICAM1, ICAM3, RARRES2, CCR7 and PPARG. Following results of the initial RNA analysis, Search Tool for the 
Retrieval of Interacting Genes/Proteins (STRING, ELIXIR, Cambridgeshire, United Kingdom) was consulted to 
predict potential interacting genes. By using STRING, new suggested directions for future experimental research 
can be explored 29. A second RNA analysis was performed testing these additional genes. Forward and reverse 
primer sequences of all genes can be found in Supplementary Table 1. 

 
Smooth muscle cell stimulation 
Ex vivo stimulation of control aortic SMC without known aortic pathology was performed using PVAT and SAT. 
The non-pathologic aortic wall was retrieved from the operating theater of post-mortem kidney donors. Live 
aortic wall was transported in ice cold sterile Custodiol® (Dr. Franz Köhler Chemie GmbH, Alsbach-Hähnlein, 
Germany) and in a sterile Petri dish, intimal and adventitial layers were removed. Subsequently, the remaining 
medial layer was cut into 15 pieces of 1 mm2 and transferred into a culture flask of 25 cm2, which contained 1.5 
ml of M231 culture medium (Thermo Fisher Scientific, Walthem, MA, USA), supplemented with 
Penicillin/Streptomycin (PS, 25,000 U) and 5% Smooth Muscle Growth Supplement (SMGS, Gibco, Life 
Technologies, Carlsbad, CA, USA). Cells were incubated for 10 days in a dark humidified atmosphere at 37 °C in 
5% CO2 and culture media were replaced biweekly. When a subconfluent cell population was established, cells 
were transferred into a culture flask of 80 cm2. Within a total of 6 weeks, a confluent population of cells was 
generated and primary SMC used in the experiments were between passage one and eight.  
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SAT and PVAT of five patients were collected during AAA repair, and transported in ice cold sterile 
Custodiol®. According to a sectioning protocol our research group previously published to cut live aortic tissue 
sections 30, live SAT and PVAT sections of 200 µm were generated and preserved in supplemented M231 medium. 
Concurrently, in three cell culture plates (twelve wells, Sigma-Aldrich, Saint Louis, MO, USA), smooth muscle cells 
were seeded in six wells per plate with each 500 µL of M231 medium and allowed to adhere for 24 hours. Next, 
SAT sections (n=6) were added to the SMC in one plate, PVAT sections (n=6) to the second SMC plate, and the 
third plate with SMC functioned as a negative control. The SMC in six wells plates were then incubated for seven 
days in a dark humidified atmosphere at 37 °C in 5% CO2 and the medium was changed once after three days. 

After seven days, adipose sections were removed. Remaining SMC in the six wells plates were washed 
using PBS and consequently 300 µl of lysis buffer (Zymo Research) was repeatedly pipetted in and out to lyse the 
cells; cell lysates were subsequently transferred to Microfuge Tubes. Tubes containing lysis buffers with SAT, 
PVAT and SMC were stored at -80 °C for RNA Isolation and Quantitative PCR, following the above described 
protocol for aortic tissue. The following genes were assessed: IL6, PTPRC, CXCL8, MCP1, PLIN1, SAA1, TIMP1, 
TIMP2, MMP9, MMP2, ADIPOQ, LEP, ICAM1, ICAM3, RARRES2, CCR7, MKI67, CNN1, ACTA2, SMTN, CXCR2, CD44, 
PTAFR, PPARG, JUN, CCL5, TNF. To complete the analysis, a mean of the six wells was calculated. Next a ratio was 
calculated for PVAT (PVAT-co-cultured SMC/non-co-cultured SMC) and SAT (SAT- co-cultured SMC /non- co-
cultured SMC) to compare adipose tissue stimulation outcomes of the healthy SMC. 

 
Statistical Evaluation 
Data were analyzed with IBM SPSS Statistics v22 (Chicago, IL, USA). Non normally distributed raw data are given 
as median with interquartile range (IQR), which are presented graphically in error bars. To assess multiple groups 
comparing continuous variables with nonparametric distribution, the Kruskal-Wallis test was used 
with Bonferroni correction for multiple pairwise comparison. Fibrosis results were highly right-skewed 
resembling a log-normal distribution. For that reason, the corresponding log-transformation was used for 
hypothesis testing. Because log-transformation followed a normal distribution, ANOVA was used, also with 
Bonferroni correction for multiple pairwise comparison. To compare two groups, Mann-Whitney U test was used. 
Tests were considered statistically significant at p ≤ 0.05. 
 
Results  
 
Patient characteristics 
Demographics and PVAT were collected for a total of 53 patients (n[control]=8, n[PAOD]=9, n[elective AAA]=27 
and n[acute AAA]=9). In the control group 100% were male, in the PAOD group 100% were male and in the AAA 
group 75.0% were male. Median age of all controls was 62.0 years (IQR 8.3), median age of all PAOD patients 
was 61.0 years (IQR 8.0), and median age of all AAA patients was 70.0 years (IQR 12.0). Median maximum AAA 
diameter of all AAA patients was 64.0 mm (IQR 18.3). In the control group, 8.3% was using statins, and this was 
the case for 100% of the study population from PAOD group and 79.4% from the AAA group. In the control group 
91.7% was currently or formerly smoking, in the PAOD group this was the case for 44.4% of the study population, 
and in the AAA group this was the case for 78.2% of the study population. A complete overview of the baseline 
variable can be found in Table 1. 
 
Quantification of PVAT adipocyte area and fibrosis 
An average of 170 adipocytes were measured per patient (n[control]=5, n[PAOD]=7 and n[AAA]=9). PVAT 
adipocytes from AAA patients were smaller than those derived from controls and PAOD patients (3.1 [IQR 2.0] 
vs. 3.8 [IQR 2.8] and 3.7 [IQR 2.0] µm2, p<.001) (Figure 2A and B).  

Also, fibrosis assessment was performed per patient (n[control]=5, n[PAOD]=7 and n[AAA]=7). PVAT 
from AAA patients presented higher amounts of fibrosis versus control and PAOD patients (0.03% [IQR 0.28%] in 
AAA versus 0.01% [IQR 0.09%] in controls and 0.02% [IQR 0.09%] in PAOD, p=.006 Figure 2C and D).  

 
Gene expression of perivascular adipose tissue in AAA and controls 
qPCR was used to quantify gene expression (n[control]=5, n[PAOD]=3 and n[AAA]=22). A significant increase in 
PTPRC, that encodes the enzyme PTPRC (also CD45), was found in PVAT of AAA compared to controls (1.43 [IQR 
0.22] vs. 0.32 [IQR 2.93], p=.008). Furthermore, a significant increase in CXCL8, that encodes the chemokine 
CXCL8 (also interleukin 8), was found in PVAT of AAA compared to controls (1.58 [IQR 2.69] vs. 0.21 [IQR 0.92], 
p=.033). Also MMP9, that encodes the matrix metallopeptidase 9 was higher in PVAT of PAOD compared to 
controls (96.54 [IQR 133.36] vs. 9.74 [IQR 10.52], p=.016), higher in PVAT of PAOD compared to AAA (96.54 [IQR 
133.36] vs. 19.59 [IQR 24.91], p=.048) and higher in PVAT of AAA compared to controls (19.59 [IQR 24.91] vs. 
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9.74 [IQR 10.52], p=.016). Additionally, a significant decrease in PPARG, that encodes the protein peroxisome 
proliferator-activated receptor gamma (also glitazone receptor) was found in PVAT of AAA compared to controls 
(3.23 [IQR 6.94] vs. 7.82 [IQR 7.93], p=.040).  

Next, based on the statistically significant differences found in the primary analysis, these genes were 
tested in STRING Search Tool for the Retrieval of Interacting Genes/Proteins, which revealed predicted 
interactions of: LCK, CD44, PTAFR, CXCR2, JUN, CCL5 and FYN. For these genes, we measured mRNA expression 
levels by qPCR. A significant increase in LCK was found in PVAT of AAA compared to controls (0.31 [IQR 0.69] vs. 
0.04 [IQR 0.03], p=.003) and a significant increase in CCL5 was found in PVAT of AAA compared to controls (2.48 
[IQR 4.39] vs. 0.72 [IQR 0.68], p=.004). Figure 3 shows the strength of interaction between these genes and the 
box plots of the statistically significant different genes. 

 
Live PVAT and SAT co-culture changes in gene expression profile of aortic SMC  
SAT and PVAT of patients suffering from AAA were collected (n=5). After co-culturing SAT and PVAT with SMC 
without known pathology, the cells were microscopically checked for vitality and in all wells, a solid group of live 
SMC and live adipose tissues were observed. Figure 4A-D shows a schematic overview and photographs of the 
incubation process. qPCR was used to detect the levels of genes. Not all tested genes resulted in quantifiable 
outcomes. For the following genes, results were retrieved: IL6, CXCL8, TIMP1, TIMP2, MMP9, MMP2, MKI67, 
CNN1, ACTA2, SMTN, CXCR2, CD44, MCP1, PTAFR, PPARG, JUN, CCL5, TNF. Analysis showed an increase of PVAT-
co-cultured SMC ratio for MMP9 (2.15, p= .008) that encodes the matrix metallopeptidase 9 enzyme. 
Furthermore, analysis showed an increase of PVAT-co-cultured SMC ratio for SMTN (1.06, p =.008) that encodes 
the protein smoothelin. Furthermore, an increase of SAT-co-cultured SMC ratio was found for SMTN (1.18, 
p=.016). A complete overview of significant and non-significant outcome ratios is presented as box plots in Figure 
4E. 
 
Discussion 
 
The purpose of this study was to elucidate if there was a role for PVAT in inflammation within AAA patients. An 
overview and interpretation of the results can be found in Figure 5. 

Histology results showed that PVAT from patients with AAA has smaller adipocytes and more interstitial 
fibrosis. Although unconventional in basic research, we have composed a linear regression model for gender, 
age, AAA diameter, BMI, diabetes mellitus, statin use and smoking habits. After adjustment for these variables, 
the difference in PVAT area persisted between the groups, however, the difference in fibrosis did not. Current 
thinking on adipose tissue changes in obesity is that increased adipose tissue inflammation stimulates adipocyte 
lipolysis and tissue fibrosis, enhancing the release of free fatty acids from the adipose tissue. These excess fatty 
acids subsequently accumulate non-adipose tissues such as liver and skeletal muscle as ectopic fat, inducing 
lipotoxicity 31,32. In human samples, omental fibrosis is also negatively correlated with adipocyte size in the same 
depot 33. It is possible that increased inflammation in the adventitia of the aneurysmal wall is extends into the 
surrounding periaortic adipose tissue, leading to similar adipocyte morphology in the fat that surrounds the 
aneurysm. Our results, however, merely support a reversed route in which PVAT inflammation leads to aortic 
wall inflammation via adipokines. 
 In PVAT of AAA patients, we found increased expression of PTPRC, CXCL8, MMP9, LCK and CCL5, and a 
decreased expression of PPARG in PVAT of AAA patients compared to PVAT of controls. In patients suffering from 
PAOD, an increased expression of MMP9 was found compared to both patients suffering from AAA and controls.  

Taken together, an increased inflammatory gene expression was observed in PVAT of AAA patients. The 
enzyme PTPRC (also CD45 or leukocyte marker) is a member of the protein tyrosine phosphatase family and is 
involved cell growth, mitosis and differentiation. PTPRC was already shown to be upregulated in the aortic wall 
of AAA patients as an unspecific marker of inflammatory processes 34, and this also accounts for the enzyme 35,36. 
LCK (Lymphocyte Cell-Specific Protein-Tyrosine Kinase) is a protein found inside lymphocytes, known for specific 
T-cell type selection and maturation of developing T-cells, which are elevated in AAA 37,38. Although LCK was not 
broadly mentioned in literature considering AAA, our results show that this protein (and its gene expression) 
plays a role in an inflammatory response to antigens, potentially leading to a yet to be discovered activated T-
cell cascade in the pathology of AAA. Future studies on the current topic might reveal the role of LCK in the 
differentiation of specific T-cells in AAA. 
 The proinflammatory role of PVAT is further underlined by the increased expression of CXCL8 (IL8). 
CXCL8 encodes for the eponymous chemokine and promotes inflammation, stimulates expression of proteases 
and it has pro-angiogenic effects via neutrophils and leukocytes, which are known for many years already to play 
a role in AAA pathology 39–42. CCL5 (Chemokine C-C motif ligand 5) is classified as a chemotactic chemokine, which 
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functions as chemoattractant for blood monocytes, memory T-helper cells and eosinophils, and recruits 
leukocytes into inflammatory sites. Therefore, the strong interaction level with CXCL8 is not surprising. Recently, 
CCL5 was found to be overexpressed in aortic wall tissue and mentioned as potential therapeutic target 43, since 
inhibition of CCL5 in mice could limit AAA progression 44. A potential therapeutic value might become clear after 
performing additional clinical studies.  
 In parallel and related to inflammation, PVAT may also play a role in the weakening of the aortic wall via 
increased expression of MMP9. Matrix Metallopeptidase 9 is a matrixin (enzyme) involved in the degradation of 
the extracellular matrix and is known to play a role in both progression and rupture of AAA, likely again as a 
consequence of inflammation as illustrated by the high interaction with CXCL8 45,46.  
More recently, Kugo et al. showed greater MMP9 positive areas around adipocytes than in the areas without 
adipocytes in the ruptured vascular wall 47, suggesting a link between the adipocytes in the vascular wall and the 
mechanisms leading to rupture. The putative contribution of PVAT to the appearance of adipocytes in the 
adventitia of the AAA wall remains unclear. Potentially, PVAT might lead to degradation of the aortic wall through 
MMP9 via equal pathways. 
 Another interesting finding was the decreased expression of the seemingly protective gene PPARG 
(Peroxisome Proliferator-Activated Receptor Gamma), also known as glitazone receptor. This is a nuclear 
receptor mainly present in adipose tissue, colon and macrophages and regulates fatty acid storage, glucose 
metabolism and adipocyte differentiation. Strikingly, PPARG also decreases the inflammatory response of many 
cardiovascular cells 48–50. One characteristic feature of the epidemiology of AAA is that diabetic patients are less 
prone to AAA presence, progression and rupture 51–56. A underlying hypothesis is that common antidiabetic 
medications on their own inhibit growth of aortic aneurysms, potentially via PPARG ligation 57–60. PPARG ligation 
was shown to significantly decrease suprarenal aortic expansion in the AAA animal model (apolipoprotein E 
deficient (ApoE[-/-]) mice treated with angiotensine II) 61. PPARG increased the number of small adipocytes, 
which is in line with our current histological findings, and raises IL10 62,63. The increase of IL10 content in adipose 
tissue leads to macrophage (type 2) polarization which is important for remodeling and tissue repair. PPARG is 
likely to continue to upregulate the expression of anti-inflammatory cytokines, extend the 'compensatory stage', 
and decelerate the process of AAA development and rupture 64. Taken together, a decrease in PPARG expression 
might play a key role in the increase of inflammation and the onset and/or progression of AAA.  

The effect of live PVAT and SAT on SMC of 5 patients showed an increased expression of MMP9 in 
healthy SMC co-culture with PVAT of AAA patients. This implicates that PVAT could play an important role in the 
breakdown of the extracellular matrix via SMC in the medial layer and consequently in progression and rupture 
of AAA 45,46. In both SAT and PVAT co-cultured SMC, we found a mildly increased expression of smoothelin 
(SMTN). Smoothelin is a structural protein that is found exclusively in contractile SMC and is essential for 
contractility of SMC 65. Potentially, as a response to early induced changes in healthy SMC by adipose tissue, 
these express more smoothelin. Interestingly, our research group previously found decreased PTPRC and 
decreased SMTN expression after stimulation of AAA SMC with TGF-β 30, while TGF-β is suggested to protect 
against AAA formation. 66–71 These findings seem to be in line with our current findings of increased PTPRC and 
increased SMTN expression in the pathologic ex vivo situation. 

Most gene expression outcomes showed comparable results of PVAT and SAT, which might indicate that 
there is a systemic effect of adipose tissue in AAA patients. This finding could also be explained by interaction 
between SMC and adipose tissue. Additional research, studying also the effect of adipose tissue of healthy 
patients should be undertaken to further clarify the role of adipose tissue in gene expression of SMC.  

Strikingly, Kugo et al (2019) 72 recently showed in a rat model that removal of PVAT led to a significant 
decrease in AAA diameter. This was along with a reduction in the adipocytes and CD44+CD90+ mesenchymal stem 
cells that express adipogenic transcription factors in the AAA wall of a hypoperfusion-induced AAA model. The 
role of PVAT in aneurysm progression was further emphasized during the study of Interleukin-18 in the AAA 
development 73. Lesion adipocytes and PVAT were shown to contribute to AAA pathogenesis by releasing leptin 
and fatty acid binding protein 4 (FABP4) that induce the expression of IL18 and its receptors and promote IL18 
action. 
 Surprisingly, it seems like there is an increased inflammatory PVAT activity in AAA patients, despite the 
higher use of statins in the AAA group (72.7%) versus the control group (0%). It is widely accepted that statins 
lower inflammation in vascular diseases 74–76 and van der Meij et al. specifically showed this for AAA patients 77. 
Although a clinical relevance of statin use preventing AAA growth and or rupture was not found in that study, 
selective anti-inflammatory therapy focusing on PVAT might provide a new strategy to prevent progression of 
AAA. Moreover, this might explain the recent interest in the role of, not diabetes, but metformin use as 
protective against AAA progression, 78–81 since metformin proved to have widespread anti-inflammatory 
characteristics as well 82. Further work is required to establish the role of metformin on PVAT. 
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 A note of caution is due here since this study was limited by the relatively small number of cases that 
were included. Furthermore, the included patients had a Western European background. One could also argue 
that we should have included waist-to-hip ratio, especially since ethnic differences seems to exist. Therefore, 
these findings cannot be globally extrapolated to patients from varying geographical backgrounds, since 
incidence, pathophysiology and outcomes after intervention differ in at least Asian, Hispanic an Afro-American 
population 83–87.  

Another weakness of the study was the collection of control tissue. Due to the clinical handling process, 
procurement times and protocol differed between PAOD and control tissues, since PAOD tissue was harvested 
directly in the OR and handled like AAA tissue, while control tissue was dissected for renal transplantation and 
transported in Custodiol®. The control tissue was only harvested for research after the surgery of the kidney 
receiving patient had started. Interestingly, though, we concluded that the results of the PAOD and control tissue 
are roughly comparable. This finding strengthens the differences found between the AAA and control group. 

Furthermore, we were not able to perform all the different experiments within the same patient cohort. 
This was a direct consequence of the development of new research techniques which were unavailable at the 
initiation of the current study. Small quantities of valuable patient material were available since this originated 
from rest tissue of living patients. Furthermore, as shown in Table 1, there were statistically significant 
differences between the groups in age, diabetes and statin use. Therefore, we need to interpret and discuss the 
current findings under these limitations. 

The model that we use has some limitations because stimulation by sections of adipose tissue were 
tested in SMC culture only. SMC dysregulation is central to the AAA pathophysiology as explained before, but it 
represents a fraction of the resident vascular cells in the aortic wall. Using this model, we were not able to 
address the effect of PVAT in the mesenchymal cells and adipose deposits of the adventitia itself, cellular 
elements that have recently been linked to AAA progression and rupture 88.   

It is important to bear in mind that our results could possibly indicate an inflammatory cause or 
consequence of PVAT in the AAA pathophysiology. This question remains for each individual finding. Also, 
bidirectional communication between PVAT and aortic wall could lead to alterations in both PVAT and wall 89–91. 
Further stimulation experiments might clarify the exact role of individual PVAT genes in the pathology of AAA.  
 In conclusion, our results show that PVAT of AAA patients have smaller adipocytes with higher interstitial 
fibrosis, present with higher inflammation and increased extracellular matrix degradation. Adipose tissue of 
patients suffering from AAA can induce inflammation in healthy SMC. We propose that PVAT plays an important 
role in the onset and progression of AAA and underlying pathways through PVAT might be a novel promising 
therapeutic target in both prevention and conservative treatment of AAA. 
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Table 1. Description of baseline characteristics for patients included control, PAOD and AAA groups. 
  

Control (n = 8) PAOD (n = 9) AAA (n = 36) 
    Elective AAA (n = 9) 
    Acute AAA (n = 27) 

p-value 

Male gender (%) 100% 100% 74.3% 
    73.1% 
    77.8% 

.133 

Age in years (median) 65.0 (45.0 - 
69.0) 

61.0 (44.0 - 
72.0) 

70.0 (47.0 - 88.0) 
    73.0 (58.0 - 82.0) 
    70.0 (47.0 - 88.0) 

.009 

AAA diameter in mm 
(median) 

n/a n/a 64.0 (48.0 - 114.0) 
    62.0 (48.0 - 94.0) 
    83.0 (60.0 - 114.0) 

n/a 

BMI (median) 23.9 (16.7 - 
32.6) 

22.8 (21.4 - 
32.0) 

27.0 (20.1 - 37.0) 
    23.7 (20.1 - 37.0) 
    28.3 (23.9 - 35.3) 

.386 

Diabetes mellitus (%) 0.0% 44.4% 5.9% 
    4.0% 
    11.1% 

.015  

Statin use (%) 0.0% 100% 79.4% 
    80.0% 
    77.8% 

.007 

Smoking: non-smoking, 
formerly smoking, currently 
smoking (%) 

8.3%, 75.0%, 
16.7% 

55.6%, 33.3%, 
11,1% 

21.9%, 31.3%, 46.9 
    23.8%, 38.1%. 38.1% 
    83.3%, 0.0%, 16.7% 

.058 
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Figure 1. A simplified flow chart describing the different steps performed in the current study. Perivascular 
adipose tissue, subcutaneous adipose tissue and demographic and clinical data were collected for analysis. 
Respectively, Hounsfield Units, histology analysis, RNA expression and data analysis were performed. PVAT 
indicates perivascular adipose tissue; AAA, abdominal aortic aneurysm; SAT, subcutaneous adipose tissue; PAOD, 
peripheral arterial occlusive disease and SMC, smooth muscle cells. 
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Figure 2. A) Adipocyte area of PVAT from Control, PAOD and AAA patients (p<.001 in Kruskal-Wallis test; p values 
represent all pairwise comparison using Bonferroni correction). B) Hematoxylin and eosin staining for 
quantification of the area of the PVAT adipocytes (10x magnification). C) Percentage of fibrosis in PVAT from 
Control, PAOD and AAA patients (p=.006 in ANOVA test using the log-transformation of the variable; p values 
represent all pairwise comparison using Bonferroni correction). NS – nonsignificant. D) Massons Trichrome 
staining for quantification of the fibrosis of the PVAT adipocytes (20x magnification), where blue indicates 
fibrosis. 
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Figure 3. String is a biological database of known and predicted protein-protein interactions with a confidence 
level varying from 0 to 1. A Interaction of the significantly altered genes found in PVAT of AAA patients. The 
figure was licensed by STRING, ELIXIR, Cambridgeshire, United Kingdom under Creative Commons Attribution 
(CC BY) 4.0 license. B) The table presents the confidence level of interaction between significantly altered genes. 
Functional links are also provided: * Co-expressed, ** Putative homologs are coexpressed in other species, † 
Putative homologs were found interacting in other species, ‡ Experimental/biochemic data, § Association in 
Curated Databases, ‖ Co-mentioned in PubMed abstracts, ¶ Putative homologs are co-mentioned in PubMed 
abstracts in other species, / No known interaction. C-H) Error bars for the 95% Confidence Interval (CI) of the 
outcomes of the statistically significant different genes. Non-significant comparisons are not shown. 
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Figure 4. A) Schematic overview of the incubation of live healthy SMC with PVAT and SAT. After seven days of 
co-culturing, the SMC were harvested for RNA expression analysis. S indicates subcutaneous adipose tissue and 
P, perivascular adipose tissue. B) SMC in culture wells co-incubated with adipose tissue after seven days of co-
culturing. C) SMC focused in the upper part of the ocular and adipocytes not in focus in the lower part tissue 
after seven days of co-culturing and D) adipocytes focused in the lower part of the ocular and SMC not in focus 
in the upper part tissue after seven days of co-culturing. E) Box plots of gene expression results of healthy SMC, 
either as control or co-cultured with PVAT and SAT of AAA patients. As internal control, ratios are calculated by 
dividing either the outcomes of co-cultured SMC with PVAT or SAT by the outcome of not-co-cultured SMC, which 
are the controls. Therefore, the controls show an expression ratio of 1 and the PVAT and SAT outcomes present 
the alterations after co-culturing. * indicates statistical significance. 
 

 
 
 

 
Figure 5. Schematic overview of the results of the current study and interpretation of the results. Histology 
showed decreased adipocyte size and increased interstitial fibrosis in AAA patients. qPCR of snapfrozen PVAT of 
AAA patients presented increased gene expression of pro-inflammatory PTPRC, CXCL8, LCK and CLL5. 
Furthermore, increased MMP9 expression which leads to ECM degradation and decreased anti-inflammatory 
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PPARG were observed. qPCR of co-cultured live non-pathologic SMC with live PVAT of AAA patients showed 
increased MMP9 and increased SMTN which is found in SMC that undergo contractile phenotype switch. 
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The first part of the thesis was dedicated to the evolving epidemiology of the AAA in Portugal.

1. 	 iAAA admission

We were able to show that, in Portugal, the repair rate of iAAA continues to grow, especially in patients ≥75 years old, and 
did not reach a point of inversion yet. The absolute numbers, however, still lag behind those described in other European 
countries, even if a catching up effect is noticeable.

The increase in the rate of admission in the era where the incidence of the disease is supposed to be decreasing in Wes-
tern countries might be paradoxical. The underlying causes of the changing epidemiology of AAAs are complex, and there 
are factors that may mask a decline in the incidence of nonruptured aneurysms. For that reason, a deeper look into the 
determinants of admission rate for repair is warranted. 

a.	 Incidence of the disease

The admission rate reflects the incidence of the disease, that correlates with its known risk factors (such as smoking), 
something that was not directly addressed in this thesis. Data from Censos (INE), shows that in the population ≥ 15 
years-old, 19.58% were smokers in 2005 and 19.85% were smokers in 2014. This lack of a significative variation does not 
exclude a role of this important risk factor in the incidence of AAA, as a longer lag between the risk factor modification 
and the change in the disease would be expected. 

Although increasing availability of imaging techniques may contribute towards an increased diagnosis of incidental iAAA, 
an accurate measure of the iAAA incidence relays on screening. The most recent publication about a regional screening 
initiative (men with age ≥ 65 years old with an eligible population of about 900 males) yielded a prevalence of 2.1% (141), 
which is below of that described in the clinical trials supporting screening programs (prevalence of 4-7%) (142, 143). 

b.	 AAA growth rate 

There may be a long delay before the aneurysms expand to AAAs large enough to require repair, as suggested (44). In 
theory, it means that for the same incidence rate, the rate of repair would vary according to the speed of AAA growth 
until it reaches a threshold for repair.

c.	 Threshold for AAA repair 

The workload may be maintained or increased by increased repair of smaller AAAs. A report from VASCUNET indicates 
that the threshold level for repair of small aneurysms varies between countries (144). The variation in the rate of small 
AAA repair may depend on differences in management of rapid growth and symptomatic aneurysms between regions, as 
well as differences in attitude towards treatment of small AAA with EVAR. Two groups assessed surveillance versus EVAR 
of small AAA (145, 146) and have reported no difference in mortality between surveillance and EVAR for small AAA. 
Recommendation for repair accordingly to the guidelines (1), remain ≥ 5cm in women or ≥ 5.5cm in men.

In our single centre-study the mean diameter of treated patients was 6.2±1.5cm, indicating that this might not be the main 
reason, unless other Portuguese centres do not follow the same trend.

d.	 Turn down for repair due to risk profile of the patient

The widespread use of EVAR brought another option to patients that would be otherwise denied for OSR. Although 
EVAR-2 randomized trial did not show an increase in overall life expectancy in patients ineligible for OSR, EVAR could 
reduce aneurysm-related mortality (147) and better results for the same unfit for OSR-patients were later described 
after EVAR (148). EVAR treatment might have led to a reduction in the turn down for repair in patients with the higher 
risk profiles such as older patients. Accordingly, in our results, the increase in the rate of admission was more marked in 
patients ≥ 75 years old, with probable age-related comorbidities.

Taken all together, while a direct assessment of the incidence was not possible in this thesis, nor an assessment of AAA 
growth rate, the increased incidence of repair was, at least, related to the extension of the treatment to older patients.  
Concomitantly, the rise in admission in older age-bands might mean a more benign presentation of the disease, if patients 
achieved larger AAAs only later in life (40). This would imply a decrease in the admission of younger patients, something 
that was also noticed. Finally, our study shows that this is happening beyond the aging of the population that occurred 
during that 16-year period, since incidences were adjusted for this confounder through age-standardization. 

2. 	 Mortality after iAAA repair

Operative mortality has been consistently decreasing in Portugal. In the recent years, while the operative mortality after 
EVAR continued to decline, an increased operative mortality after OSR was identified. Accordingly, all repair mortality 
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and EVAR mortality fairly fall into the range that was reported in the international VASCUNET Database (5.1±1.9% and 
2.8±0.9% vs 2.0-5.0% and 0.3-3.0% in VASCUNET report, respectively) (144), whereas a greater concern is open surgery, 
where a high operative mortality was verified in the last period. Our study provided some explanations for this excessive 
mortality. While the center caseload was not associated with OSR mortality (but was with EVAR mortality), older patients 
presented higher mortality associated with both OSR and EVAR, but, for EVAR, differences between older and younger 
patients were minimal in the last period, meaning that older patients submitted to OSR are at higher risk. Female gender 
also performed worse regardless the type of repair, but even worse after OSR, where operative mortality reached about 
10% in the third period under analysis.

3. 	 rAAA incidence

Differently from iAAA, admission due to rAAA seems to have reached a peak and have been recently decreasing (2010-
2015). Nonetheless, a deeper look into the assessment of the incidence requires taking into consideration the cases that 
presented to the hospital plus those that die before that. Combining both, the DRGs hospital database and the cause of 
death database, we showed that the incidence has recently stabilized after a previous increase. These findings are in accor-
dance to the expected epidemiologic transition. 

The determinants of rAAA incidence include:
a.	 The incidence of nonruptured AAA

This topic was discussed above. 
b.	 AAA growth rate and other risk factors for rupture 

Smoking is a known risk factor for rupture (22, 149, 150). Again, the lack of a significant variation in smoking habits descri-
bed in the INE report cannot exclude a role of this important risk factor underlying the stabilization of rAAA.

The incidence of AAA increases with age, peaking later in females (4).  We verified that the incidence of rAAA decreased 
in younger patients (<75 years-old) and increased in the older ones (≥75 years-old) during the last period. This points 
toward a later presentation of the disease or a lower growth speed, both in favor of a more benign disease. The hypo-
thesis behind this is that medical management such as increased use of statin therapy and decline in smoking may have 
successfully reduced the risk of AAA rupture. Patients who would otherwise have presented with ruptured aneurysms 
may now present with intact aneurysms, and this effect may also obscure a fall in the incidence of nonruptured AAAs as 
explained before.

c.	 Success in diagnosis, case selection and repair of iAAA

In this thesis we could not describe the long-term outcomes after iAAA repair to ascertain in what extent the treatment 
of iAAA effectively prevented rupture. 

d.	 Ability to arrive to the hospital in case of a rAAA

We noted a recent increase in incidence/mortality outside the hospital that deserves a special consideration. Possible cau-
ses include patients’ profile-risk, emergent patients transportation logistics, medical teams’ skills in the pre-hospital setting, 
number and distribution of the hospitals that receive these emergent patients, something that deserves further research. 
Most of these factors were not addressed in this thesis. However, we gave some insight into patients’ profile-risk of, since 
the increase in age-standardized mortality in the third period occurred mostly among older cases.  Again, this cannot be 
attributed to population aging per se, since incidences were adjusted for this confounder through age-standardization, but 
to an increased occurrence of the disease at an older age.

4. 	 rAAA mortality

The mortality due to rAAA depends both on pre-hospital mortality and hospital mortality. Overall, 75% of patients with 
a rAAA died before reaching the hospital or during the hospitalization. The rAAA age-standardized mortality was stable 
between the first and second periods and increased slightly in the third period due to pre-hospital mortality, since hospital 
mortality actually decreased. Considerations on the pre-hospital mortality were described above. Hospital mortality for 
rAAA account for turn-down for repair rates and operative mortality. 
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The age-standardized rate of non-intervention is 22% on average and also followed a rise-fall pattern. These patients are 
more often women and old. We verified a trend that points to an expected higher proportion of these type of patients 
presenting to our hospitals because, despite the reduction in admission rates for all type of patients (those undergoing and 
not undergoing repair), the decrease in admission was higher in those undergoing repairs.  

Finally, following the trend observed for iAAA, the operative mortality after rAAA repair decreased from 55% to 49% 
and then remained stable. Like in iAAA, the stabilization corresponded to an increase in operative mortality due to OSR 
compensated by a decrease in operative mortality after EVAR. Again, the subgroup of females and older patients perfor-
med worse. And although mortality after EVAR is decreasing, only 1 EVAR to 7.5 OSR are performed in emergent setting 
versus 1 EVAR to 1.7 OSR in elective setting. 

Taking all these factors into account, a pattern where rAAA incidence is stabilizing but the rate of iAAA is still going up 
denote a middle stage in the epidemiology transition as suggested before (40). It is likely that the trends verified in Portugal 
are lagging behind those of Australia (39), New Zealand (39), and Sweden (44). If the assumptions remain constant, after 
this middle stage, it is anticipated that there will be a decline in overall iAAA admissions and iAAA repairs in the coming 
years.

Limitations

The databases used in this thesis to study the nationwide evolution of AAA provides sensitive clustered data coded with 
ICD-9 classification. Its features were presented in the Introduction. Despite being the unique readily available databases 
in Portugal, they have some limitations. 

First, patients may have their AAA treated in private hospitals. The number of patients referred and treated in the private 
sector is a potential source for selection bias, if we are analyzing data that is exclusive from the public sector. Codification 
is mandatory for public hospitals since its reimbursement depends on that. However, for private hospitals, codification is 
not legislated, and institutions might or might not code their episodes of care. Even for those that perform codification, 
data is not publicly available. 

For AAA, private health care providers mainly fulfil a supplementary role to the NHS rather than providing a global al-
ternative to it. While, some patients have their iAAA repaired in private hospitals, because of the previous-mentioned 
features of the Portuguese health system, the amount of rAAA referred and treated in the private sector is null or, at least, 
neglectable in Portugal and not a realistic source of relevant selection bias.

Second, databases present episode-related data retrievable through ICD codes. In INE data, the episode is death and 
includes deaths outside the hospital as well as those certified at the hospitals. In NHS administrative database, each epi-
sode refers to a hospitalization. Furthermore, only data associated with a specific hospital episode is available and so the 
follow-up is limited. We believe that bias created by the use of hospitalization-related data instead of patient-related data 
is minimal, especially for rAAA, as being admitted twice in life with a rAAA is possible but rare. We also focus the analysis 
on the longitudinal time trend rather than absolute results, meaning that if the bias is relatively systematic, conclusions on 
variations along time are valid. 

Third, reinterventions were not studied as they require linking of data and/or an available longitudinal patient history.

Four, errors during codification might be a source of bias. The correction of codification is ensured by internal institutional 
audits and external ACSS audits. The ICD-10 codification was introduced in Portugal in 2017, but our analysis ended in 
2015. During the period from 2000-2015, only ICD-9 codification was used. The specific EVAR code was introduced only 
in October 2000. Due to lack of the specific ICD9 code for EVAR before 2000, the first period of the analysis was set to 
null to avoid the early years of the EVAR code use. Since 1 January 2015, the DRGs grouper “All Patient Refined DRG 31” 
started to be used instead of the previous grouper “All Patient DRG 27”. The introduction of a new version of the DRG 
grouper entails the determination of new relative weights for each DRG (relative weights that will be used in the calcula-
tion of the Case Mix index of each institution). Our analyses did not use DRG but ICD-9 codes directly. This grouper still 
relies on ICD-9 codes that kept the same, so we believe this group change did not affect our analysis significantly.

Fifth, data from DRGs database cannot be paired with other systems of information such as social security number. As 
such, estimations of absence from work and/or assessment of incapacity could not be provided. 

Sixth, the validity of the “outside the hospital mortality for rAAA” depends on the quality of both the cause of death and 
the hospital administrative databases. The cause of death database captures the deaths of all patients dying with rAAA 
at hospital or outside the hospital. While at the hospital, the cause of death is usually easy to address, in patients dying 
outside a hospital setting, the cause of death is prone to error owing to misdiagnosis of the cause of death (if no autopsy is 
performed and no previous diagnosis of AAA exists). In Portugal like in other countries, autopsy rates are declining, from 
6.7±0.3% of all deaths in 2000-2005 to 6.4±0.2% in 2005-2009 and to 5.5±0.8% in 2010-2015. This is the main limitation 
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to the use of cause of death databases in general.

Future perspectives

Future perspectives for this project involve exploring in which extent the implementation of a national screening programs 
would improve the national AAA outcomes. 

The global incidence of rAAA and the rates of admission due to iAAA and rAAA obtained in this paper compare, in ge-
neral, inferiorly to other European countries. 

Four randomized trials (142, 143, 151, 152) showed the benefit of screening a male population in 1980–1999, when the 
AAA prevalence rates detected were as high as 4–7.5%. These studies led to the implementation of national screening-
-programs. Screening for AAA has been shown to be effective at reducing AAA-related mortality and is cost-effective in 
many analysis (153). However, screening programs that fail to target high-risk populations are likely to see very low detec-
tion rates that could call the value of the program into question. Cost-effectiveness has been demonstrated at prevalences 
as low as 1.6% (154) or 0.5% (155).

Studies, including ours, have also indicated a shift in AAA disease to affect older patients (40, 155), meaning that 65 year-
s-old patients with normal aortic diameter at screening might still be at risk of developing AAA. And on the other side, 
18% patients with AAA were bellow 65 years old. Furthermore, there are significant variations in AAA screening protocols 
between healthcare systems (156). Further evidence of cost and clinical effectiveness is likely to be required before there is 
widespread international adoption of AAA screening. These concerns are of particular relevance in Portugal, where figures 
of intact and ruptured AAA lag behind those found in other European countries.  

Therefore, it is crucial that these recent trends be monitored, and screening strategies evaluated accordingly on the basis 
of these trends in order to be effective.

Economic evaluations aim to inform the cost-effective use of scarce health care resources, ultimately to ensure that inter-
ventions or health care programs result in positive health outcomes at a reasonable cost (157). 

The economic analysis must take into account several parameters (158): 
a.	 Definition of the target population (gender, age, smokers)
b.	 Prevalence of the disease, that is, AAA ≥ 3.0cm
c.	 Management of sub-aneurysmal aortic dilatation, that is, aortic diameter 2.5-2.9cm
d.	 Yearly probability of AAA growing according to AAA diameter
e.	 Yearly probability of AAA rupture according to AAA diameter
f.	 Preferred method for ultrasound measurement of the aortic diameter (inner-to-inner, outer-to-outer and lea-

ding-edge-to-leading-edge (outer anterior wall to inner posterior wall)
g.	 Proportion of individuals complying with invitation
h.	 Rate of opportunistic diagnosis if not under a screening program
i.	 Threshold for AAA repair
j.	 Mortality associated with AAA elective repair (EVAR, OS and probability of undergoing each of them)
k.	 Mortality associated with AAA elective repair (EVAR, OS and probability of undergoing each of them)
l.	 Probability of reaching the surgery in case of rAAA
m.	 Degree to which lives are lengthened by detecting an AAA 
n.	 Costs of ultrasound assessment 
o.	 Costs of elective and emergent AAA repair

Most relevant cost-effectiveness analyses perform incremental cost-effectiveness ratio estimates based on either Markov 
Chain Monte Carlo analysis or actual retrospective data (159). Other aspects such as quality of the improved lifespan and 
the psychological effect of screening must also be considered.
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The second part of the thesis was dedicated to pathophysiological features of AAA, both AAC and adipose tissue invol-
vement.

1. 	 Image assessment of AAC in AAA

Vascular calcification corresponds to the deposition of ectopic minerals in the vascular wall. This phenomenon is now 
recognized to recapitulate skeletal bone formation, involving competition between inhibition of mineralization and promo-
tion of calcification (160-162). It is typically localized into the luminal neointimal plaques in atherosclerotic vessels, where it 
is present in a punctate or patchy pattern (163). Vascular calcification also occurs in the medial layer of the vessel, which is 
known as Monckeberg’s medial sclerosis (164). One of the processes of vascular calcification involves the reprogramming 
and transdifferentiation of SMC to osteoblast-like cells (165). These cells lose their contractile properties but are able to 
generate and release of calcifying matrix vesicles, a collagen matrix and form calcium- and phosphorus-rich matrix vesicles, 
involved in vascular calcification (166). The mechanisms underlying vascular calcification remain under investigation.

In population studies, the prevalence of vascular calcification increased significantly  with age, reaching 93% and 75% in 
males and females, respectively, who are age 70 years or older (167). The presence of calcification in any arterial wall was 
associated with a 3-4-fold higher risk for mortality and cardiovascular events (168).

In patients with iAAA, we found that the amount of AAC measured by the ACI method had a high correlation to that 
measured using the AS. From the three semiquantitative methods used, ACI was the most reproducible and was associa-
ted with a higher number of demographic and clinical variables that concomitantly associated with the AS. 

In line with our hypothesis, different methods led to identification and attribution of statistical significance to different clini-
cal variables. This finding supports the impression that the use of different methods to assess AAA AAC might contribute 
to conflicting reports noticed in the literature. 

The clinical variables that exhibited a positive association with AAC in AAA include: older age, female gender, carotid 
artery disease and PAD. Taken together, the variables identified AAC as a marker of atherosclerotic burden in AAA (169). 

The most common form of AAA is typically associated with the usual risk factors with occlusive atherothrombosis, except 
for diabetes mellitus. However, approximately 20% of the AAA patients have a positive family history for aneurysms (170). 
These patients tend to be younger, and less exposed to smoking. They were also shown to present higher aneurysm-re-
lated complications after endovascular repair (170), that were not due to baseline morphologic features, even if only the 
neck calcification was assessed. 

Therefore, AAA is a complex disorder that integrates the influence of predisposing genes with lifestyle-associated risk 
factors. It is possible that the presence of AAC in the diseased aortic segments in AAA reflects a higher importance of 
lifestyle-associated risk factors than of predisposing genes, something that deserves further investigation. 

2. 	 The role of PVAT in AAA 

Despite the amount of evidence from animal and clinical studies pointing towards a role of adipose tissue in AAA progres-
sion, the role of PVAT is still under discussion.

One of the main difficulties in the image study of PVAT in humans is the inability to resolve the concerns related to the re-
troperitoneal lining and the inherent correlations between abdominal aortic diameter and abdominal PVAT volume (171). 

Thoracic PVAT can be distinguished from the remaining tissue using physiological landmarks (172). The posterior border 
is the anterior portion of the vertebral foramen. The anterior border and left/right lateral borders change as the images 
progress distally from the carina and include the left bronchus, esophagus, and crus of diaphragm. The first proximal image 
analyzed includes the carina, and then down through the vertebral body T12, and stopping at the pedicles of L1. 

To achieve that in the abdomen, we developed a new method where a density approach was used instead of the absolute 
PVAT quantity assessment.  Using the measure consisting of a ratio between the number of fat pixels in a certain area 
of interest and that area, the evaluation of the PVAT becomes independent of changes in the aortic diameter. Second, a 
systematic definition of sections around the aorta provides regions of interest enriched with PVAT that are being sampled 
in each section. Furthermore, PVAT densities were assessed in two separate regions of the aorta in the same patient, 
allowing the comparison of healthy and aneurysmal segments individually within the same patient. 

Antonopoulos AS et al (173) hypothesized that phenotypic changes in coronary PVAT induced by vascular inflammation 
could be quantified using a CT approach.  Because there is no clear biological definition of coronary PVAT, the region of in-
terest was defined as the adipose tissue in a layer of tissue within a radial distance from outer coronary artery wall equal to 
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the average diameter of the tracked coronary artery segment, a process that follows the principals of our method. Instead 
of density of adipose tissue, where the sum of all fat pixels were count in a certain region of interest, they defined a fat atte-
nuation index (FAI) consisting in the average HU of the fat pixels in the volume of interest (within a pre-specified window 
of HU that fit the adipose tissue, that is -190 to -30 HU). The working hypothesis was that adipocyte lipid content is the 
main driver of FAI; since larger adipocytes have a higher proportion of lipid phase (adipocytes) compared to aqueous phase 
(extracellular space), this would lead to more negative FAI. Interestingly, their FAI had excellent sensitivity and specificity for 
detecting tissue inflammation as assessed by tissue uptake of 18F-fluorodeoxyglucose in positron emission tomography.

The main finding of our multicenter case-control study is that AAA patients had higher intra-individual differences in PVAT 
density, with a higher PVAT density around the aneurysm sac than the healthy neck. Intra-individual PVAT differences also 
presented the highest positive correlation with aortic dimensions, after adjustment for other fat compartments, BMI, sex, 
and age. This is in accordance with the animal studies where the AAA diameter significantly decreased in the PVAT-remo-
ved vascular wall (131). One might hypothesize that the increased dilation in the region of higher PVAT density might be 
because of an increased number of adipocytes in the aortic wall/PVAT complex. Differently, we may input these changes 
to alterations in the inflammatory content, as variations under HU range of fat tissue correlated with tissue inflammation 
before (173).

However, a causal inference cannot be extrapolated from our paper due to its observational nature. In order to further 
investigate the mechanisms underlying the role of PVAT in the occurrence of AAA, we design a laboratorial study, using 
PVAT samples form patient with AAA and PAOD and controls. 

In this laboratorial study, examined histological changes in PVAT and studied RNA expression of healthy and pathologic 
PVAT tissue. PVAT from patients with AAA display smaller adipocyte size and more interstitial fibrosis in univariate analy-
sis, although only adipocyte size remained significant after adjusting for potential confounders. We hypothesize that these 
histological features might be due to tissue inflammation since, in obesity increased adipose tissue inflammation stimulates 
adipocyte lipolysis and tissue fibrosis (174, 175), features that resemble our findings. Moreover, inflamed human coronary 
vessels release cytokines that prevent lipid accumulation in PVAT-derived preadipocytes in vitro, ex vivo, and in vivo (173). 

Gene expression was in accordance to our hypothesis since PVAT from AAA presented increased expression of inflamma-
tion-related genes (PTPRC, CXCL8, MMP9, LCK and CCL5) and decreased in PPARg that is linked to antiinflammatory 
cytokines.

To test if this inflammatory state could have impact in the adjacent aortic wall, we performed an ex vivo stimulation expe-
riments using control aortic SMC without known aortic pathology. These cells were incubated with PVAT or SAT sections 
from AAA patients or were negative controls. Both adipose tissues increased the expression of smoothelin. Despite being 
a structural protein that is found exclusively in contractile SMC, reductions in smoothelin expression were noted after 
stimulation of AAA SMC with TGF-β, which is suggested to protect against AAA (176). This was a very interesting finding 
as it points into a systemic effect of adipose tissue in AAA patients, resembling an aneurysmatic signature. Furthermore, 
SAT sections are fairly easier to obtain from patients. Further research in this field is warranted.

PVAT was distinct from SAT because increased expression of MMP9 was observed in healthy SMC only when stimulated 
with PVAT but not with SAT of AAA patients. This supports the harmful contribution of PVAT to the AAA progression 
suggested before in animal studies, where the removal of PVAT led to a significant decrease in AAA diameter. 

The model that we use has some limitations because stimulation by sections of adipose tissue were tested in SMC cul-
ture only. SMC dysregulation is central to the AAA pathophysiology as explained before, but they represent a fraction 
of the resident vascular cells in the aortic wall. Using this model, we were not able to address the effect of PVAT in the 
mesenchymal cells and adipose deposits of the adventitia itself, cellular elements that have recently been linked to AAA 
progression and rupture. 

Taking all together, using an ex vivo stimulation study of human aortic and periaortic cells/tissues, our results corroborate 
what has been suggested in animal studies for the active PVAT role in the AAA progression. They suggest that PVAT is 
able to increase SMC expression directly or through paracrine processes. It is yet to be unrevealed the possible impact 
of the PVAT in the other aortic wall components. To accomplish that, a model of the aortic wall in which cell-to-cell and 
cell-to-matrix communications are not missed would be ideal, instead of constrained fixated cells or isolated cell cultures. 
Although animal models are of great utility and have been used before in this regard, the usage of animal models is costly, 
ethically and technically challenging and animal models do not completely resemble the human conditions, as the aortic 
aneurysms need to be created in the animal mode.

A recent paper presented a new in vitro method for extended preservation of aortic wall sections to study pathophysio-
logical processes, where intraoperatively harvested, live aortic specimens were sectioned with a vibratome, and cultured 
(176). Aortic tissue viability could be preserved until at least 62 days after harvesting. Cultured tissues can be digested into 
viable single cells for additional techniques.  Digested tissues showed different cell types and a viability up to 75% at day 14. 
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Future perspectives

Future perspectives for this project evolve two different and complementary tactics. 
a.	 Ex vivo aortic wall stimulation by PVAT-conditioned medium

Live aortic tissues of AAA patients can be sectioned and cultured according to the recently described protocol (176). 
The culture medium would be supplemented with adipose tissue conditioned medium. This method was used before to 
address the importance of the substances produced by adipose tissue depots (177). After a period corresponding to the 
best viability outcomes of the aortic wall preparations (day 5 and 7), full sections and homogenates from conditioned and 
non-conditioned tissue sections would be generated. Immunofluorescence images showing aneurysmal aortic wall sec-
tions would permit to track mesenchymal and adipocyte cells after stimulation, something that could never be addressed 
before in human samples.

b.	 Systematic analysis of the lipid content of PVAT

Recent studies on large-scale lipidomic in large cohort CVD studies have been evolving as an alternative field of research 
able to provide insights into the lipid signature that precedes CVD events and the molecular mechanisms underlying its 
onset and progression. Taking plasma as an example, even though plasma lipids comprise more than half of the circulating 
metabolites, only recent attention has been paid, in part because of the challenges associated with sample collection, lipid 
extraction, analysis, quantification and data analysis of large datasets.

The two leading analytical approaches to metabolomics are MS and nuclear magnetic resonance spectroscopy.  Recent te-
chnological advances in the development of user-friendly mass spectrometers equipped with fast scan rates, high sensitivity 
and high resolution, and polarity switching modes ideally suited for the high-throughput of complex biological samples, has 
led to the increasing popularity of MS-based approaches  (178-192) over nuclear magnetic resonance -based approaches 
(193) in search for CVD lipid signature.

Assessment of the aortic wall resorting to these techniques was performed in a few studies. Through a MS-approach, 
Tanaka et all (70) revealed proinflammatory lipid molecules such as lyso-phosphatidylcholine (1-acyl 16:0) and phosphati-
dylcholine (16:0/20:4) distributed in all the layers of the AAA sac. Significantly greater accumulation of these molecules was 
observed in the adventitial side. In contrast, the distribution of cholesterol ester was not significantly different between the 
AAA neck and sac arterial walls (70).  A characteristic distribution of triglycerides specifically in the aneurismal adventitia 
of the sac was also demonstrated by this group (194). The amount of triglycerides in the adventitia was correlated with 
AAA diameter while, on the contrary, the amount of triglycerides in the intima and media was not correlated with AAA 
diameter. Interestingly, the quantity of triglycerides in the vascular wall was not correlated with serum triglycerides levels, 
serum total cholesterol levels or BMI. The relevance of the triglycerides was underlined recently (195), particularly in pa-
tients with degenerative aortic aneurysms. Increased triacylglycerols and decreased ether-type phosphatidylethanolamines 
were observed throughout the normal, border, and aneurysm areas of thoracic and abdominal atherosclerotic aortic 
aneurysms, whereas phosphatidylethanolamines and triglycerides decreased in normal areas of thoracic atherosclerotic 
aortic aneurysms and thoracic nonatherosclerotic aortic aneurysms compared with the control tissues. 

The lipidomic approach to study the features of the PVAT seems to be next step. Claria J et al addresses the identification 
and distribution of local chemical lipid mediators of inflammation resolution in different anatomically localized fat depots 
collected from patients with PAD undergoing major lower extremity amputation and a control group of patients that un-
derwent total hip or knee replacement (196). Specifically, using MS-based metabolo-lipidomic approach, they revealed the 
signature profile of established specialized proresolving mediators derived from polyunsaturated fatty acids of the omega-6 
and omega-3 series, namely lipoxins, resolvins, protectins, and maresins (e.g., LXA4, RvD1, RvD2, PD1, and RvE1) as well 
as their intermediate and pathway markers 17-HDHA and 18-HEPE.  A key feature of the present study was that lipid 
mediators were determined in parallel with adipokine concentrations in SAT from patients with PAD and controls. PAD 
patients showed increased inflammatory adipokine (i.e., MCP-1, resistin, and PAI-1) in parallel with reduced anti-inflamma-
tory SPM levels, which further support the determining role of this mediators in the vascular disease and their putative 
interest as therapeutic targets.

To our knowledge, only one group performed so far PVAT MS-based lipidomic analysis in AAA disease (197), establishing 
a ceramide profile of PVAT in AAA in humans. Confirmation and extension of these findings may disclosure the ultimate 
role for PVAT in ongoing damage to the adjacent aneurysmal aortic wall, as well as the pathways that can be tackle for 
innovative outer in inner therapeutic approaches. 
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