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a b s t r a c t 

After successful endovascular aortic repair (EVAR), abdominal aortic aneurysms (AAA) sac will undergo

negative remodeling (i.e., shrinkage) as a measure of successful exclusion. Determinants of shrinkage after

EVAR are not fully known.

In 84 post-EVAR patients, time course of AAA diameter after repair and occurrence of endoleaks

(ELs) have been correlated with clinical history, medications, anthropometric data, vascular anatomy, and

matrix metalloprotease (MMP) genetic variants (namely MMP-1 rs1799750, MMP-3 rs35068180, MMP-9

rs2234681, rs917576, rs917577, MMP-12 rs652438, and TIMP1 rs4898 ).

During follow-up, 41 ELs were detected in 37 patients (44%, 10.4 events/100 pt./y), accounting for

AAA dilation or reduced shrinkage ( P < .001). High-flow ELs (type 1 and/or 3) occurrence was associated

with warfarin use, MMP9 rs17577 polymorphism, and unfavorable anatomy, while low-flow type 2 ELs

occurred more often in TIMP1 rs4898 non-T carriers. In EL-free patients, AAA diameter decreased for the

first three years, (-4, -3 and - 2 mm/year respectively) and remained stable thereafter. Shrinkage between

two measurements (n = 120) was associated with smaller AAA diameter at the baseline, peripheral ar- 

terial disease (PAD), patients’ older age at intervention, and G-/G- genotype in MMP1 rs1799750 (binary

logistic regression, P = .0 0 01). 

Aneurysmal sac shrinking occurs for few years after EVAR, only in patients without EL, and is re- 

lated to older age, PAD, smaller aneurysm size and putative lower MMP1 expression while EL occurrence

prevents such a remodeling and is mainly related to local-acting factors like unfavorable anatomy, anti- 

coagulation, and MMP9 and TIMP1 genetic polymorphisms.
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. Introduction

Abdominal aortic aneurysm (AAA) is a degenerative vascular 

isease characterized by the inflammation and local progressive 

hinning of the vessel wall; in the absence of any intervention, its 

atural history is a progressive expansion of the aortic tract in- 

olved and an eventual rupture. Nowadays, around 85% of patients 

ith AAA diagnosis and suitable anatomy undergo endovascular 

ortic repair (EVAR) [1] in accordance with the most recent clinical 
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tudy design, data collection, data interpretation, article preparation, and the deci- 

ion to submit the manuscript.
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ractice guidelines from the European Society for Vascular Surgery 

2] . Following successful EVAR, the expected fate of the AAA sac 

s a progressive negative remodeling (i.e., shrinkage) as a result 

f successful exclusion of the aneurysm from the systemic circula- 

ion [3] . Pathophysiological elements modulating such a reduction 

n AAA diameter after EVAR have not been fully investigated, nev- 

rtheless, they could mirror those accounting for AAA expansion 

efore EVAR that have been overwhelmed by pulse pressure. Iden- 

ification of these mechanisms could corroborate or question our 

nowledge on pathophysiology of AAA expansion, and offer guid- 

nce on clinical management and follow-up protocols of patients 

ollowing EVAR. 

Among the complex array of variables involved in AAA remod- 

ling, functional genetic polymorphisms of some matrix metallo- 

roteases (MMPs) or of their natural inhibitors named Tissue In- 

ibitors of MMPs (TIMPs), might modulate some features of AAA 

attern. MMPs are a class of around 26 neutral endoproteases able 

https://doi.org/10.1016/j.carpath.2021.107405
http://www.ScienceDirect.com
http://www.elsevier.com/locate/carpath
http://crossmark.crossref.org/dialog/?doi=10.1016/j.carpath.2021.107405&domain=pdf
mailto:fiotti@units.it
https://doi.org/10.1016/j.carpath.2021.107405
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o degrade all the components of extracellular matrix. MMPs and 

IMPs variants have been associated with AAA location [4] , thick- 

ess of artery wall [5] , and speed of growth [6] , while limited in-

ormation is available on AAA negative remodeling after an endo- 

raft is implanted [7] . The main complications of EVAR are en- 

oleaks (ELs), i.e., failure of the prostheses to exclude the aneurys- 

al sac from aortic bloodstream. They are classified as high-flow 

hen the prosthesis does not coalesce on the artery wall (Type 

), or have tears allowing communication between aneurysmal sac 

nd bloodstream (Type III) or low flow when arteries stemming 

rom the aneurysmal sac receive blood in a retrograde direction 

nd contribute to sac filling (Type II). ELs can induce continuous 

ressurization of the sac after stent-graft implantation and also 

heir occurrence could also be modulated by the aforementioned 

enetic mechanisms. 

Aim of the present study is to identify the surgical variants, 

linical conditions, and functional genetic polymorphisms of MMP- 

, -3, -9 , -12, and TIMP-1 , already identified in AAA, associated with

 different pattern of remodeling (negative or positive remodeling) 

f the AAA sac following EVAR as well as those accompanying the 

ccurrence of ELs. 

. Materials and methods

.1. Study population 

All consecutive patients with documented infrarenal asymp- 

omatic AAA and indication for elective repair according to current 

uidelines (i.e., maximal transverse diameter at Computed Tomog- 

aphy Angiography > 5.5.cm in men and > 5 cm in women) admit- 

ed to the Vascular and Endovascular Surgery Unit of the Univer- 

ity Hospital of Trieste for standard EVAR, or follow-up examina- 

ion from July 15th, 2010 until June 15th, 2013 were considered 

ligible. Follow-up was carried out until December 31st, 2019. 

Each patient received a preoperative Computed Tomography 

ngiography scan to evaluate for anatomical feasibility for the re- 

air and unfavorable anatomy limiting the sealing of the stent was 

efined according to previously published evidence [8] . 

All patients eligible for inclusion were informed on the purpose 

f the study and, upon agreement to be involved in minimal risk 

tudies, were asked to sign a written informed consent and provide 

 blood vial for genotyping before the operation or during follow- 

p visits. Medical personnel reviewed the records (baseline charac- 

eristics, procedural details, re-interventions, imaging, and compli- 

ations) unaware of the genetic status of the patients. 

All procedures did not interfere with the good clinical practice 

n force in the Hospital and were in accordance with the ethical 

tandards of the institutional and/or national research committee 

nd with the Helsinki Declaration and its later amendments or 

omparable ethical standards. 

.2. Follow-up protocols 

Follow-up consisted of clinical examination and imaging evalu- 

tion at 1, 6, and 12 months and annually thereafter for the first 

hree years. All patients received Computed Tomography Angiogra- 

hy within 30 days of index EVAR, while subsequent imaging eval- 

ation included Computed Tomography Angiography and/or Com- 

uted Tomography without contrast enhancement, with duplex ul- 

rasound of the aorto-iliac territory (with or without contrast en- 

ancement) according to the risk factors for EVAR. After three 

ears of continuous follow-up and in the absence of any suspicious 

ndings or obvious complications, every patient was switched to a 

ess intensive follow-up schedule with plain abdomen x-Ray and 

ltrasound every 24 months. 
2

Diameter measurements were carried out at the widest por- 

ion of the sac, either in cross-sectional imaging on two orthog- 

nal planes (short axis and long axis) with electronic calipers from 

uter wall to outer wall for ultrasound or using centerline mea- 

urements and post-processing software (3Mensio Medical Pie, The 

etherlands) for Computed Tomography Angiography. Imaging ex- 

minations were assessed independently by two vascular surgeons 

M.D. and F.G.) with disagreement to be discussed and resolved by 

onsensus in the presence of a third physician (C.C.). Analysis of 

eterminants of EL-free shrinkage was restricted to patients with 

o EL at any time. Including EL-free observations from patients 

ho previously or subsequently developed EL was not deemed suf- 

ciently accurate to rule out small ELs due to different and not al- 

ays optimal sensitivity of different techniques for ELs diagnosis 

9] . 

Following index EVAR, all patients were discharged on lifelong 

ral single antiplatelet therapy (100 mg acetylsalicylic acid or 75 

g clopidogrel once daily). Anticoagulant drugs were resumed af- 

er procedure, when appropriate. 

According to standard practice, in the presence of EL1 and/or 

L3, secondary endovascular interventions were undertaken if fea- 

ible to exclude the EL. In patients who received a repeated en- 

ovascular procedure, follow-up was halted at that time for the 

urpose of this study. 

.3. Polymorphisms analysis 

DNA was extracted from a venous blood sample with a suit- 

ble extraction kit on Maxwell 16, both products were from 

romega Italia and stored at -20 °C until further analysis. For MMP- 

 rs1799750, MMP-3 rs3025058, and MMP-9 rs12234681variants, 

enotyping has been carried out according to the methods already 

ublished [10] . For assessment of MMP9 rs17576, MMP9 rs17577, 

MP-12 rs2276109 and TIMP-1 rs4898 commercial Taqman tech- 

ology kits (product number C__11655953_10, C__11655948_1_, 

__15880589_10, and C__11175659_10 respectively, Lifetechnolo- 

ies) have been used in Real-Time Biorad according to the man- 

facturer instructions. 

Patients have been genotyped by expert personnel of the Uni- 

ersity of Trieste (N.F. and Paola Pitacco) blind from any clinical 

ata. For X-linked TIMP-1 rs4898 , gender information was required 

o confirm genotyping, which has been expressed as carrier or not 

f the T(A) allele, consistent with a previous paper on the same 

ariant [11] . 

Genetic material has been treated according to the Ital- 

an guidelines for treatment of genetic material (General Au- 

horization No. 8/2013 for the Processing of Genetic Data, 

rom the “Garante per la protezione dei dati personali”, ac- 

essible at http://www.garanteprivacy.it/web/guest/home/docweb/ 

 /docweb- display/docweb/2818993 ). 

.4. Statistical analysis 

Variables were reported as absolute number and prevalence or 

edian and interquartile (IQR) values for categorical or continuous 

ariables, respectively. Comparisons have been carried out with chi 

quare test (and Hazard Ratio, H.R., and 95% Confidence interval) 

r Mann-Whitney (or Kruskal Wallis test), respectively. 

Growth Rate of the AAA (GR), i.e., the actual minus initial aor- 

ic diameter divided by the time elapsed between the observations 

in mm/month) has been determined and used for comparisons. 

uch a variable could be positive when the final diameter was 

reater than the initial, neutral (i.e., 0) when AAA diameter did not 

hange, or negative in the event of AAA shrinkage. Determinants of 

R were assessed separately in patients with or without EL. Since 

ome of these determinants were time-related (namely, the age of 

http://www.garanteprivacy.it/web/guest/home/docweb/-/docweb-display/docweb/2818993
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he patient at the time of observation, time of EL occurrence, and 

AA diameter during follow-up) an assessment of each time peri- 

ds elapsing between two AAA measurements was preferred to a 

lobal “per-patient” GR analysis. 

The clinical, surgical, or genetic factors that could identify pa- 

ients with occurrence of ELs have been investigated considering 

eparately each type of EL and grouping type 1 and 3 as “high- 

ow Els.” When more than one EL occurred in the same patient, 

hese events were considered as independent and underwent sep- 

rate analysis. 

The number of events per 100 patients per year were esti- 

ated for the cohort. Independent variables accounting for occur- 

ence of EL were: gender, age, popliteal and/or thoracic aneurysm, 

moking habit (never, former, current smoker of more than 

 cigarettes/day), hypercholesterolemia (total cholesterol > 200 

g/dL or HDL-cholesterol < 40 in women or < 35 mg/dL in 

en), hypertension (systolic and/or diastolic pressure > 140/85 

m/Hg on more measurements), diabetes (fasting blood sugar 

 116 mg/dl), weight, height, body mass index (BMI), occurrence 

f coronary heart disease, peripheral arterial disease (PAD), use 

f antiplatelet drugs, anticoagulants, antihypertensive or lipid low- 

ring drugs, unfavorable anatomy, MMP-1 rs1799750 (1 = G −/G −, 

 = G −/G + , 3 = G + /G + ), -3 rs35068180 (1 = 5A/5A, 2 = 5A/6A,

 = 6A/6A), and -9 rs112290776 (1 = ≤21/ ≤21, 2 = ≤21/ ≥22, 3

 ≥22/ ≥22 CA repeats within a variable number tandem repeat 

equence around -90), MMP9 rs17576 (1 = AA, 2 = AG, 3 = GG), 

MP9 rs17577 (1 = GG, 2 = AG, 3 = AA), MMP-12 rs652438 (1 = AA,

 = AG), TIMP1 rs4898 T carrier) single nucleotide polymorphisms 

SNP) and their interactions. The influence of genotype has been 

valuated assuming both an additive and dominant effect of MMPs 

nd TIMP-1. For MMP12 and TIMP1, population was divided ac- 

ording to the condition of being a carrier of A or T allele, respec-

ively. 

To observe the time-dependent changes of the AAA size, ex- 

ressed as ratio between post-surgery and actual AAA diameter, 

 test for repeated measurements has been used, considering the 

ccurrence of any EL as a “between subjects’” variable. 

Event free survival analyses were carried out (Kaplan-Meier 

urves), and differences among different groups of patients was as- 

essed. 

A two tailed P value less than .05 has been considered statis- 

ically significant. All statistical analysis has been conducted with 

PSS 21.0 (Statistical Package for Social Sciences, SPSS Inc., Chicago, 

l). 

. Results

.1. Baseline characteristics 

Within the time frame considered, 84 patients undergoing elec- 

ive EVAR for intact AAA met the inclusion criteria and agreed to 

articipate in the study. Median duration of the follow-up was 4.3 

ears (IQR 1.4-7.2 years) and median number of observations per 

atient was 4 (IQR 2-7, range 1-18). Overall, the study size con- 

isted of 395 patients/year. 

Genotyping was successful in all patients included and the al- 

elic frequencies did not differ between EVAR patients and a group 

f blood donors and/or those reported in a large database for ge- 

etic frequency of SNP available at https://www.ncbi.nlm.nih.gov/ 

np/ . 

The demographic, clinical and genetic characteristics of EVAR 

re reported according to the occurrence of EL ( Table 1 ) consid- 

ring that when more than one type of EL event occurred in the 

ame patient, the patient was reported on both groups. Compari- 

on of groups showed a different prevalence of patients taking oral 

nticoagulants (10% in no or type 2 ELs, and 50% in type 1 and 3,
3

 = .01) and involvement of inferior mesenteric artery (60 and 50% 

n type 2 and 3 EL, respectively, P = .014). 

.2. Analysis of growth rate in the overall population 

The GR was significantly increased in observations when EL 

vents were detected than in those without (2.64 mm/year, IQR 

-7.56 vs 0, IQR - 62-0.8, P ≤ .001, n = 120 and n = 254 observa-

ions, respectively). The ratio between AAA diameter measured at 

ach time point and at surgery changed significantly only in pa- 

ients without ELs ( Fig. 1 ). Such a result was also confirmed in a

per-patient” analysis: those without EL at any time showed a re- 

uction in AAA diameter, while patients with EL have no such pat- 

ern ( P = .002 for all, .007 for EL effect). Repeated measurements 

est, in such a comparison, was conducted in patients with data 

hroughout the first four years (7 without and 12 with EL, respec- 

ively). 

.3. Predictors of endoleaks occurrence 

During follow-up, 41 EL events were observed in 37 patients. 

his led to a cumulative incidence of (41/395) 10.4 events every 

00 pt/y. 

High-flow ELs were associated with anticoagulant use ( P = .005, 

.R. 6.4, 95% CI 1.57-26.15), MMP9 rs17577 AA genotype ( P = .033, 

R 5.5 95% CI .99-30.5), and unfavorable anatomy ( P = .051, H.R. 

.048, 95% CI 0.965-9.62). For type 2 (“low-flow”) ELs, a borderline 

ssociation was found for TIMP-1 rs4 84 9 non-T carriers ( P = .05, 

R 2.6, 95% CI 0.99-6.9). The results were confirmed for the four 

ariables also with event-free survival analysis ( Fig. 2 ) and detailed 

esults, grouped as high-flow or low-flow, are reported in Table 2 

supplementary data). 

.4. Growth rate in patients without endoleaks 

During the follow-up, the changes in AAA diameter consisted in 

20 intervals with shrinkage, 58 without changes and 73 observa- 

ions with expansion. 

To observe changes in GR according to the time elapsed be- 

ween EVAR and the observation ( Fig. 3 ), a curve fitting test has

een used, comparing linear, logistic, and cubic model. The me- 

ian (IQR) GR varied during the first three years from -4 (-15-0) to 

3 (-7-0) in the second year to -2 (-6-1) mm/year (Kruskal Wallis 

est P = .435). After 3 years, the global GR was 0 (-2-1) without 

ignificant changes over the following years. 

All linear, logarithmic, quadratic, and cubic curve fittings were 

ignificantly associated with data distribution (Table 3 of Supple- 

entary Data and Fig. 3 ) 

Among the 42 EL-free patients with available information on 

ndoprosthesis size, AAA sac reached the prosthesis ( ±5 mm) 

n 9 patients, 4 patients during the first 3 years, 3 in the next 

hree years (from fourth to sixth) and other 2 from seventh 

ill ninth. 

.5. Relationship of AAA sac shrinkage with clinical and genetic 

ariables 

Considering only observations with more than 5 mm between 

ac and prosthesis diameter in the final measurement, prevalence 

f shrinking observations was compared to that of no change or 

xpansion episodes. At the final step, the variables identified as 

ccounting for shrinkage were a smaller AAA diameter at obser- 

ation, presence of PAD, an older age at intervention, and, in a 

egative fashion, MMP1 G insertion (G-/G- Vs G + / ∗). When these 

ariables were dichotomized, AAA diameter lower than 53.4 mm, 

nd age at the time of surgery 75 or older significantly increased 

https://www.ncbi.nlm.nih.gov/snp/


Fig. 1. Time course of the ratio between AAA maximal diameter at the end of each observation/AAA maximal diameter at surgery. Dashed lines: ratio in patients with EL at

any time, thick = median value, thin = 95% confidence intervals. Solid lines: ratio in patients without EL at any time, thick = median value, thin = 95% confidence intervals. 

(GLM P = .002 for all, .007 for EL effect). 

Fig. 2. Kaplan Maier analysis for EL occurrence for high flow ELs (panel A, B, and C) or type 2 EL (panel D). Legend: thick line in panel A is the anticoagulant use ( P = .013), 

in panel B is MMP9 rs17577 AA genotype ( P = .007), in panel C the unfavorable anatomy ( P = .188), and (for type 2 EL) in panel D is TIMP1 rs 4898 T allele carriers 

( P = .027). Above abscissa, in bold and normal, are the numbers of patients at risk for each group. 
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Table 1

General characteristics of the patients in the study

No EL (n = 47) EL 1 (n = 14) EL 2 (n = 24) EL 3 (n = 3) P

Follow-up (months) 44.5 (8.5-79.3) 65.6 (21.5-84.4) 77.3 (25.8-101.5) 55.3 (53.5-57.2) n.s.

Gender (M/F) 42/5 11/3 21/3 3/0 n.s.

Age at intervention 76 (72-79.5) 76 (72-81) 75 (73-78) 80 (75-85) n.s.

BMI (Kg/m 

2 ) 26.6 (23.8-28.5) 25.4 (22.1-29.4) 26.6 (24.2-28.1) 24.2 (21.6-26.9) n.s.

Diabetes 8/39 1/13 7/17 1/2 n.s.

Hypertension 38/9 14/1 22/2 3/0 n.s.

Smoking habit (N/F/C) 4/30/13 1/9/4 0/20/4 0/3/0 n.s.

hypercholesterolemia 31/16 10/4 19/5 3/0 n.s.

CVD 20/27 7/7 7/17 1/2 n.s.

PAOD 15/32 2/12 4/20 1/2 n.s.

Aspirin use 34/13 10/4 17/7 3/0 n.s.

Other antiplatelet 7/40 2/12 5/19 0/3 n.s.

All antiplatelet drugs 38/9 11/3 21/3 3/0 n.s.

Anticoagulants 4/43 4/10 3/21 1/2 0.010

Antihypertensive 36/11 12/2 20/4 3/0 n.s.

Lipid-lowering drugs 21/26 10/4 14/10 3/0 n.s.

MMP1 rs1799750 9/23/15 2/8/4 5/16/3 0/3/0 n.s.

MMP3 rs35068180 12/27/5 5/4/5 7/11/6 1/1/1 n.s.

MMP9 rs112290776 22/21/4 5/7/2 11/12/1 2/1/0 n.s.

MMP9 rs17576 22/19/6 5/5/4 10/11/3 0/2/1 n.s.

MMP9 rs17577 33/12/2 7/4/3 12/10/2 1/1/1 n.s.

MMP12 rs652438 41/6/0 13/1/0 22/2/0 2/1/0 n.s.

TIMP1 rs4898 T carrier 31/16 8/6 10/14 2/1 n.s.

Thoracic aneurysm 9 4 6 0 n.s.

Popliteal aneurysm 12 1 10 1 n.s.

Lumbar arteries 0/9/13/4 0/2/3/1 3/7/9/3 0/2/0/0 n.s.

IMA 26 3 16 1 0.014

CHD = coronary heart disease; PAOD = peripheral arterial occlusive disease; N/F/C = Never a smoker/Former 

smoker/Current smoker, MMP1 rs1799750 = G+G+/G+G-/G-G-, MMP3 rs35068180 = 5A5A/5A6A/6A6A, MMP9 

rs112290776 = < 22 < 22/ < 22 ≥22/ ≥22 ≥22 CA repeats around -90 position in MMP9 promoter, MMP9 rs17576 = AA/AG/GG, 

MMP9 rs17577 = GG/GA/AA, MMP12 rs652438 = AA/AG, TIMP1 rs4898 = T carrier/non T carrier, Lumbar arteries = 0/1/2/3 

couples of arteries (32 missing), IMA = patients with Inferior Mesenteric Artery included in the EVAR (33 missing), n.s. = not 

significant (P > .05 ).

When more than one type of EL event occurred in the same patient, the patient was assigned to both groups. Unless

otherwise specified, the figures are occurrence /absence of the condition.

Fig. 3. Relationship between GR and years of follow-up after EVAR. Logarithmic

curve equation ( P = .002) is reported in the inset. 
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he possibility of having a shrinkage during observation. On the 

ontrary, MMP1 G insertion (G + / ∗) reduced such a probability. In 

ractical terms, carriers of MMP1 rs1799750 genotype G-/G- have 

 yearly median GR of around -5 mm per year, while in patients 

 75 years at the time of surgery, with PAD or with smaller AAA, 

he same figures range between -1.2 to -2.5 mm/year. The results, 

ogether with the comparison of GR (Mann-Whitney test) for the 

ignificant variables in binary logistic regression test, are reported 

n Table 4 (Supplementary Data). 
5

. Discussion

The present study shows that positive remodeling of aneurys- 

al sac or no changes after EVAR are observed in patients with EL 

ccurrence at any time of follow-up, while negative remodeling is 

ainly observed for few years in those without such a complica- 

ion. In turn, while negative remodeling observations are chiefly 

rganism-related (genetic, age and comorbidities), EL occurrence 

as a different pattern of determinants (genetic, therapeutic and 

natomical) according to their putative amount of flow. 

The peculiar pathophysiology of each EL type required a sep- 

rate analysis to pinpoint specific determinants: while low-flow 

ype 2 ELs remain the subject of much debate and still represent 

 controversial entity [ 12 , 13 ], high-flow ELs representing failure of 

proximal and/or distal) device sealing or alteration in device in- 

egrity, are a more dramatic entity that warrants active treatment. 

he most striking evidence is that among a wide array of clinical 

haracteristics and surgical features, high-flow EL were associated 

ith anatomical difficulty, MMP9 rs17577 AA genotype, and antico- 

gulant therapy, the latter being the most relevant. Such a finding 

uggests that a clotting film sealing aortic wall and prosthesis or a 

table thrombus in the aneurysmal sac are essential in preventing 

uch a complication. Our study is in line with previous ones, iden- 

ifying a positive association between warfarin use and ELs [ 14 , 15 ],

articularly with De Rango et al, who found an increased risk only 

or type 1 and 3 EL, while the study of Bobadilla reported an asso- 

iation with type 2 EL. 

A further variable associated with high-flow ELs is an intron 

ariant accounting for a differential expression of MMP-9. This SNP, 

n the wild type (G) variant, is a target of hsa-miR-4783-3p miRNA, 
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nd accounts for a 25% reduced expression [16] . The pathophysiol- 

gy of such an association, remains speculative and needs to be 

onfirmed, although a MMP regulation by exosome-driven miRNA 

n AAA seems reliable [17] , given the extra-aortic origin of cells ex- 

ressing MMP-9 [18] . 

Using the same approach, type 2 EL reported a borderline as- 

ociation with a TIMP-1 functional polymorphism accounting for 

 reduced protein expression [11] . Consistent with our observa- 

ion, aneurysmal sac of type 2 EL shows an important thinning of 

he intima and media, paucity of cells and overexpression of many 

MPs [19] . Continuous moderate blood flow and pressure on the 

neurysmal sac from communicating vessel, typical of type 2 EL, 

ight be effectively neutralized by normal or higher TIMP1 levels, 

inding various MMPs and thus preventing or slowing down cell 

igration [20] and extracellular matrix breakdown. 

The most relevant result of the study was to observe the dy- 

amics of remodeling after interruption of pulse pressure in in- 

rarenal aortic aneurysmal tissue. In EL-free patients, the rate of 

eduction of the AAA sac is, on average, 2 mm/year, such a fig- 

re being remarkably close to that of AAA expansion reported in 

 prior metanalysis [21] . The speed of regression progressively de- 

reases over time even if, in our study, only a minority of aneurys- 

al sacs shrink enough to reach the prosthesis. On average, before 

urgery, the AAA expands at a speed of 2-4 mm/year [6] , while 

fter EVAR it shrinks at the same pace for the first three years. 

hen the stent fails to protect the aneurysmal wall, i.e., in case of 

L occurrence, the aneurism diameter remains stable. 

The clinical variables influencing the growth rate have been 

tudied [22–24] , although interaction of clinical and anatomical 

ith genetic factors are less well known. The main result of this 

ultivariate analysis is that age at intervention, PAD, aneurysmal 

ac size and a genetic putative lower MMP-1 expression are almost 

quivalent in predicting the aneurysmal size reduction. 

The epidemiological association between PAD and AAA, which 

ave an opposite pattern, shrinking the former and dilative the 

atter is apparently counterintuitive [25] . The present study adds 

ome information suggesting that patients with PAD retain a pat- 

ern of vascular negative remodeling, which counteracts AAA ex- 

ansion and might contribute to the shrinking after EVAR. A 

ombination of a higher burden of diagnostic/staging investiga- 

ion in symptomatic PAD patients and the lower growth rate of 

neurysms, widening the time frame for their diagnosis, might ac- 

ount for the higher prevalence of AAA in PAD patients. It has to 

e considered, also, that less than 50% of AAA are recognized and 

ollowed up in the population, rising some doubts on the accuracy 

f our picture on these two vascular diseases. 

Only one paper has investigated the relationship between post 

VAR shrinking and age at observation [7] , reporting a negative 

ssociation between shrinking and age at observation. Our study 

oes not confirm Boutrous’ findings, but supports the hypothesis 

hat AAA developing and undergoing surgery at older age might 

ave an intrinsic negative remodeling pattern. In our analysis, age 

t observation and age at surgery might have different meanings, 

ith the first indicating biological age of the patient, and the sec- 

nd, probably, the smoldering evolution of the AAA, and its sus- 

eptibility to shrink. Alternatively, it could be postulated that some 

eatures, e.g., thrombus presence in preoperative AAA sac, found 

ssociated to a faster regression [26] , are more prevalent in older 

atients. 

The last finding is the linkage of MMP1 variant accounting for a 

ow gene expression with a negative remodeling of aneurysmal sac. 

MP1 can act mainly as a collagenase in aortic extracellular ma- 

rix or be retained within the cells [27] and influence several as- 

ects of cell physiology [ 28 , 29 , 30 ]. Our finding is therefore consis-

ent with an extracellular matrix degradation hypothesis and with 

 previous experience of our group [6] , where the very same geno- 
6

ype (-/-) had been associated with higher prevalence of growth ar- 

est and accounted for lower GR of AAA before surgery. In MMP1 

s1799750, insertion of guanosine at position -1607 in MMP1 pro- 

oter creates an ets binding site which increases by around 8 

imes the gene expression [31] . Ets is a nuclear peptide mediating 

he proinflammatory effects of angiotensin infusion/hypertension 

n animal models of vascular [32] and kidney injury [33] . In AAA 

esearch, inhibition of the ets with decoy DNA binding sequence 

ithin the aneurysmal sac of rabbits can completely revert arte- 

ial size to the original diameter [34] . The previous work of Adova- 

io [6] supports such evidence in the aneurysmal expansion rate, 

hile the present shows that the very same variant is associated 

o vascular negative remodeling when the pulse pressure does not 

lay a role. Such a scenario suggests that MMP1 inhibition could be 

 therapeutic target to manage aneurysmal growth rate and possi- 

ly reduce its size. 

MMP/TIMP genetic variants do not play a role in AAA suscep- 

ibility, although MMP1 rs1799450 influences the AAA GR and, in 

his study, it also accounts for negative remodeling. MMP9 geno- 

ype with putative high expression is associated with high flow EL, 

hich might be due to positive remodeling after stent positioning. 

t should be considered that, with the limitation of the small sam- 

le size, both type 1 and 3 EL contribute to the statistical associa- 

ion, with the latter occurring independent of the wall reaction to 

he docking of the stent. The most likely hypothesis, therefore, is 

hat MMP9 affects aneurysmal wall resilience to increased pressure 

n the sac. At a lesser extent, in the low pressure ELs, TIMP1 could 

eutralize MMP-guided matrix degradation and positive tissue re- 

odeling. In conclusion, different genetic variants might intervene 

uring EVAR positioning, and influencing vascular resilience. Fur- 

her studies are required to support these very early results. 

.1. Study limitations 

The retrospective study design could have taken away some 

atients and events to the observation, since it concerned only 

atients alive during 2010 but excluded those dead before that 

ear. Also, the small number of observations did not allow to ob- 

ain a more detailed picture of the relationship with sac remod- 

ling. Plasma values of some of the investigated MMPs as surro- 

ate markers of AAA shrinking, as well as autopsy samples, might 

ave given a more precise picture of MMP pattern during EL and 

ac evolution. Such information, though, would have been cum- 

ersome requiring several blood collections over the years, while 

imple genotyping needs to be done only once in life and might 

rovide a better outline of the expression in small organs. 

The choice to observe negative remodeling through di- 

hotomization of shrinkage Vs no change or expansion could be 

een as an oversimplification, although such an approach avoided 

he effects of extreme positive or negative growth rate values on 

he final equation. 

The small but existing inconsistencies between Computed To- 

ography/Angiography and ultrasound imaging might have lim- 

ted the precision of the estimate of the growth rate, although the 

hoice of a technique derives from recommendations of scientific 

ocieties and are not open to changes. 

. Conclusions

Following EVAR, ELs of vascular prosthesis hinder shrinking of 

neurysmal sac. Their occurrence is related not only to surgical dif- 

culties, but also to clinical and genetic features. Successful EVAR 

hows negative remodeling for the first three year of follow-up, 

hich, in turn is associated to clinical features and MMP1 lower 

xpression. Genetic variants of MMPs and TIMP-1 seem to modu- 
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ate the outcome of AAA also after repair, giving hints for the de- 

elopment of a medical approach to aneurysmal disease. 
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