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Dear Editor,
We read with great interest the article by Leite et al.,1 

entitled “Expression of plasma levels of MMP-2, MMP-
9, TIMP-1, and TIMP-2 in patients with abdominal 
aortic aneurysms”, published in Jornal Vascular 
Brasileiro. The study addresses a highly relevant 
topic in vascular surgery, particularly regarding the 
role of circulating biomarkers in the follow-up after 
endovascular aneurysm repair (EVAR). The authors 
deserve recognition for the prospective design, the 
6-month follow-up, and the inclusion of a control 
group, which contributes to the study’s methodological 
robustness. The demonstration of increased levels 
of matrix metalloproteinases (MMPs) and tissue 
inhibitors of metalloproteinases (TIMPs) after EVAR, 
regardless of the presence of an endoleak, provides 
an important perspective on the biological response 
to endovascular aneurysm exclusion. As previously 
pointed out by McMillan and Pearce,2 elevated levels 
of MMPs are associated with aortic wall degradation, 
and the present study extends this knowledge to 
post-EVAR context.

The authors also emphasize, in line with 
Hellenthal et al.,3 that plasma biomarkers still have 
limitations in diagnostic accuracy for detecting 
endoleaks, with computed tomography angiography 
remaining the primary imaging modality for follow-
up. However, the observation that MMP-2 and 
TIMP-1 increased significantly even in the absence 
of endoleaks suggests that these markers may reflect 
an inflammatory or remodeling process of the aortic 
wall, rather than solely the persistence of aneurysmal 

sac pressurization. An interesting aspect of the study 
by Leite et al.1 was the use of 8 different types of 
endografts, which may induce variability in the 
systemic inflammatory response but also reflects real 
world clinical practice and reinforces the external 
applicability of the findings. The analysis of potential 
differences in inflammatory response among the 
models, although not statistically significant, could 
be further explored in future studies.

Despite the relevant contributions, some points 
warrant reflection and further refinement. A longer 
follow-up period (beyond 6 months) could clarify 
whether the elevations of these biomarkers persist or 
normalize, and whether they are associated with late 
endoleaks or aneurysm sac enlargement. Controlling 
confounding factors, such as atherosclerosis and 
chronic inflammation, would allow for greater 
specificity in the interpretation of the results. It is 
worth noting that conditions such as atherosclerosis, 
autoimmune diseases, neoplasms, and the use of 
anti-inflammatory medications may also influence 
MMP and TIMP levels. The lack of control for these 
variables, as acknowledged by the authors themselves, 
limits the accuracy of the association between the 
biomarkers and EVAR per se. Although the number 
of patients is adequate, the low number of observed 
endoleaks (n = 10) limits the statistical power for 
more detailed analyses. Therefore, it would also be of 
interest to investigate whether the different types of 
endografts used influence the inflammatory response 
and biomarker levels, considering variations in radial 
force and sealing mechanisms.
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In summary, the study by Leite et al. represents an 
important contribution to the literature on molecular 
follow-up after EVAR. The findings reinforce the 
need for new multicenter studies with larger samples, 
longer follow-up, and the incorporation of emerging 
biomarkers, such as miRNAs and inflammatory 
cytokines (Tenorio  et  al.),4 which may improve 
postoperative surveillance.
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Response Letter.

Dear Editor,
I have read the letter entitled “Expression of plasma 

levels of matrix metalloproteinases and their inhibitors 
in patients with abdominal aortic aneurysm.” First, 
I would like to thank you for your observations, and 
I would like to make a few comments.

Given the obligation to monitor patients undergoing 
endovascular treatment of abdominal aortic aneurysm 
(AAA), there is a need to develop non-invasive methods 
to identify endoleaks and indicate early intervention. 
Currently, surveillance examinations still depend on 
the imaging diagnosis made by the physician, as well 
as on the analysis and measurement platform used.

Matrix metalloproteinases (MMPs) constitute a family 
of genetically related enzymes with zinc dependent 
proteolytic activity. Aneurysmal tissue is characterized 
by increased elastolytic and collagenolytic activity, 
resulting from the enhanced production of proteolytic 
enzymes compared with normal aortic tissue. In the 
present series, no difference was observed in MMP-
2 and MMP-9 activity at 6 months postoperatively 
between patients with and without endoleak during 
this period. However, there was an increase in MMP-
2 and MMP-9 levels before and after endovascular 
treatment.1

The reasons for this discrepancy may be related to 
differences in the populations studied, to variations 
in blood sample handling, to methodological 
assessment, or to the persistence of aneurysmal tissue. 
Indeed, bias related to other non-vascular diseases, 
or even to atherosclerosis itself, may contribute to 
imprecision in biomarker results. Identifying a way 
to mitigate the confounding effect would provide a 
more comprehensive understanding of aneurysm 
pathophysiology, as well as improved sensitivity 
and specificity in endoleak screening. Therefore, 
multicenter studies that incorporate different brands 
of endografts and, if possible, comparisons with open 
surgical repair could provide further insights into the 
pathophysiology and comprehensive management 
with exclusion of the aneurysmal sac, in addition to 
allowing longer term follow-up of biomarker levels.

In another publication by Leite et al.,2 miR-21 and 
miR-181b were identified in whole blood from patients 
without aneurysms, with AAA, and with endoleak. A 
significant increase in their expression was observed 
before endovascular treatment when compared with 
the control group. After 6 months of the procedure, a 
significant reduction in these expressions was observed 
in the study group, suggesting that exclusion of the 
aneurysmal sac alters miRNA expression. However, 
among patients who presented with endoleak, no statistical 

difference was found. Additionally, the expressions of 
miR-21 and miR-181b showed no correlation with 
anatomy, aneurysm diameter, or the different types of 
endografts used in the endovascular treatment of AAA.

Given the cascade of reactions related to miR-
21, expandable balloons or drug-eluting endografts 
containing pre-miR-21 could represent a promising 
tool to stimulate cell proliferation in the aortic wall 
of patients with AAA. Regarding miR-181b, the use 
of an anti-miR-181b drug reduces the expression of 
SIRT1 (sirtuin 1) and HO-1 (heme oxygenase-1), 
promoting greater elasticity and reduced stiffness 
of the vascular wall, which could also represent a 
promising therapeutic strategy for patients with risk 
factors for atherosclerosis and aneurysms.2

Therefore, although the clinical potential of biomarkers 
is promising, there are still challenges to be overcome 
before their practical implementation. Among these, 
the following stand out: the need for standardization of 
methods, with the development of uniform protocols 
for the collection, processing, and analysis of miRNA, 
MMP, and TIMP; clinical validation in large-scale 
multicenter studies; as well as integration into clinical 
practice and assurance of accessibility for all patients, 
with feasible tools for routine application.
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