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Objective: The role of matrix metalloproteinases and their tissue endogenous inhibitors
has been documented in abdominal aortic aneurysms, but few articles have investigated
their role after thoracic aortic aneurysm treatment. Our report investigates matrix
metalloproteinases and tissue endogenous inhibitor-1 plasmatic changes in patients who
have undergone endovascular aneurysm repair for descending thoracic aortic aneurysms
and assesses their clinical significance.

Methods: Thirty-two patients with thoracic aortic aneurysms who underwent endo-
vascular aneurysm repair were compared with 25 healthy volunteers. Plasma matrix
metalloproteinase-3/matrix metalloproteinase-9 and tissue endogenous inhibitor-1
values were determined by an enzyme-linked immunosorbent assay method at a
predetermined time interval.

Results: The preoperative levels of matrix metalloproteinases in the endovascular aneurysm
repair group were 3-fold and 2-fold higher than those in the control group (P < .001 and .02,
respectively). Matrix metalloproteinase values normalized after endovascular aneurysm
repair, whereas patients experiencing endoleaks had higher matrix metalloproteinase values
and matrix metalloproteinase-9/tissue endogenous inhibitor-1 ratio compared with the con-
trol group (P = .003, < .001, and = .02, respectively, at 1-month follow-up). These values
normalized with the resolution of the endoleak.

Conclusions: Plasma matrix metalloproteinase values are increased in patients with
thoracic aortic aneurysms, along with reduced tissue endogenous inhibitor-1 ex-
pression. Successful endovascular aneurysm repair results in values normalization,
whereas high levels persist in patients with endoleaks. The enzyme-linked immu-
nosorbent assay test is a simple and reliable technique that is useful to assess the
efficacy of endovascular aneurysm repair and to detect endoleaks.

horacic aortic aneurysms (TAAs) are a serious and potentially lethal disease

with high mortality and morbidity rates.! Even if atherosclerosis plays an

important role in the genesis of TAAs, their formation and progression are a
multifactorial process involving both cellular and extracellular processes that have
not been extensively examined.”

Matrix metalloproteinases (MMPs) are a group of proteases that play an impor-
tant role in the protein synthetic—lytic equilibrium of connective tissue. The extra-
cellular matrix (ECM) degradation in aneurysm tissue is in part caused by MMPs.
In addition, it has been demonstrated that the endogenous tissue inhibitor of
metalloproteinases (TIMP) plays a role in the modulation of MMP activity.> MMP-3
and MMP-9 are the most important and widespread MMPs in abdominal aortic
aneurysm (AAA) wall tissue, and although their role in the destructive rearrange-
ment of the elastic aortic wall components has been well demonstrated in AAA
models,*® few reports have demonstrated their role in TAAs.”'> Moreover, although
the role of MMPs and TIMPs as a marker of successful aneurysm exclusion after
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Abbreviations and Acronyms
AAA = abdominal aortic aneurysm
CT computed tomography
ECM = extracellular matrix
ELISA = enzyme-linked immunosorbent assay
EVAR = endovascular aneurysm repair
MMP = matrix metalloproteinase
TAA = thoracic aortic aneurysm
TIMP = tissue inhibitor of metalloproteinases

endovascular aneurysm repair (EVAR) of AAAs has been
elucidated,”” no study to date has determined their changes
after EVAR of TAAs and their influence on the clinical out-
come of patients.

The aim of our report is 2-fold: (1) to investigate the
changes of MMP-3, MMP-9, and TIMP-1 in the blood
plasma of patients who have undergone EVAR for descend-
ing TAAs and (2) to assess their clinical significance.

Materials and Methods
From June 2003 to June 2005, 32 patients (group A) who under-
went EVAR for TAA were compared with 25 healthy volunteers

TABLE 1. Clinical characteristics of control group and
endovascular aneurysm repair group

EVAR group Control group

Clinical variables (n = 32) (n = 25) P
Age, y 68.45 = 5.78 66.07 = 1.29 .07
Male 27 (84.4%) 19(76.0%) .5
Diabetes 9(28.1%) 5(20.0%) .6
Hypertension 21(65.6%) 14 (56.0%) .5
Ischemic heart disease 4(12.5%) — .07
Previous CABG 3(9.4%) — 1
Previous vascular surgery 3(9.4%) — 1
Renal insufficiency (creatinine 6 (18.7%) — 2
> 1.5 mg/dL)
Chronic obstructive pulmonary 13 (40.6%) 4(16.0%) .08
disease
ASA score 172+ 05 1.21 =04 .0005

EVAR, Endovascular aneurysm repair; CABG, coronary artery bypass graft;
ASA, American Society of Anesthesiologists. Data are reported as mean *
standard deviation or n (%).

(group B). The 2 groups were matched for age and sex. Both
EVAR and control groups were not on a regimen of statins,
acetylsalicylic acid, or angiotensin-converting enzyme inhibitors,
or any anti-inflammatory therapy that might affect MMP secretion.

TABLE 2. Matrix metalloproteinase-3, matrix metalloproteinase-9, tissue inhibitor of metalloproteinase-1 plasma levels,
and matrix metalloproteinase-9/tissue inhibitor of metalloproteinase-1 ratio at five different time points

P value P value
Control group EVAR group Endoleak group P value endoleak vs endoleak vs
(20 patients) (16 patients) (4 patients) EVAR vs control control EVAR

MMP-3

Preoperative 136.0 = 735 392.2 = 148.2 3795 £ 144 <.001 <.001 NS

Discharge 1344 =745 154.6 = 61.5 228.3 £ 155 NS .001 .01

1 mo 133.8 = 736 152.1 = 61.6 326.0 = 35.0 NS .003 .002

3 mo 135.7 = 744 145.2 + 86.0 2243 = 34.4 NS .04 NS

6 mo 134.4 =732 146.8 = 87.9 188.0 = 6.8 NS NS NS
MMP-9

Preoperative 63.1 = 38.7 124.1 = 58.0 1136 = 294 .02 .02 NS

Discharge 64.8 = 39.6 97.3 = 51.7 126.0 = 19.7 NS .01 NS

1 mo 64.4 = 39.8 92.3 = 55.2 150.0 = 15.6 NS <.001 .02

3 mo 63.8 = 40.0 70.4 = 46.2 130.3 = 32.2 NS .02 .02

6 mo 65.3 + 40.8 70.9 = 50.8 83.8 = 271.2 NS NS .04
TIMP

Preoperative 11.1+76 54 +38 59+ 15 .04 NS NS

Discharge 11.2 = 8.0 8148 8.8 =25 NS NS NS

1 mo 109175 8.8 =54 715+ 26 NS NS NS

3 mo 112+78 125179 145 = 6.1 NS NS NS

6 mo 105 £7.3 11.3 =88 14.8 = 3.8 NS NS NS
MMP/TIMP

Preoperative 8770 245 +97 15.0 = 3.6 .003 .005 NS

Discharge 88 £6.9 144 + 8.4 221 = 84 .01 .008 .01

1 mo 8352 139+ 6.9 222 *+47 .01 .02 .01

3 mo 8.1 6.8 6.3 12 9.7 £23 NS NS .006

6 mo 9.0 £6.8 72 =36 8.7 £53 NS NS NS

EVAR, endovascular aneurysm repair; TIMP, tissue inhibitor of metalloproteinases; NS, not significant.
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Figure 1. MMP-3 plasma value concentrations before and during follow-up after stent-graft placement. *Not
significant; <.05; $<.01; §<.001. EVAR, Endovascular aneurysm repair; MIMP, matrix metalloproteinase.

Approval for the study was obtained from the institutional review
board, and informed consent was granted by each patient. In
control group B, the absence of aortic and/or peripheral vascular
disease was assessed by spiral computed tomography (CT) scan
and Color-Duplex scanner. Demographic and clinical data of the
patients enrolled in the study are listed in Table 1. Group A had
only atherosclerotic TAAs; patients with thoracic aorta dissection,
transection, or Marfan syndrome were excluded.

The diagnosis of TAAs in group A was obtained by CT scan.
Evaluation of aneurysm length, diameter, quality, dimension of the
proximal and distal necks, diameter of the access vessels, and
presence or absence of mural thrombus at the necks were assessed.
Risk assessment criteria were evaluated according to the American
Society of Anesthesiologists score.'?

Blood samples for plasma MMP-3, MMP-9, and TIMP-1 val-
ues determination were collected from each patient of group A by
venous puncture into an ethylenediamine tetraacetic acid blood-
collection tube before the stent-graft procedure, at hospital dis-
charge, and at 1, 3, and 6 months of follow-up. In control group B,
blood samples were obtained at days 1 and 7, and at 1, 3, and 6
months later. Samples were centrifuged (3000g for 20 minutes),
and the supernatant was carefully removed and stored at —80°C,
and then thawed at room temperature just before the assays.
Plasma MMP and TIMP-1 concentrations were measured by using
a quantitative sandwich enzyme-linked immunosorbent assay
(ELISA) test (Amersham International, Little Chalfont, UK), ac-
cording to the manufacturer’s guidelines. All samples were mea-
sured as duplicates; the mean was calculated for data analysis and

matched with the normal plasma values of MMP-3, MMP-9, and
TIMP-1 with an ELISA test (ie, 12.5-350 ng/mL, 0.25-200 ng/mL,
and 0.15-30 ng/mL, respectively).

Eligibility criteria for EVAR were aneurysm diameter more
than 6.0 cm and/or documented aneurysm growth more than 0.5
cm in the last 12 months. Exclusion criteria for EVAR candidates
were proximal aortic neck diameter larger than 4.4 cm or length of
nonaneurysmal aorta from the origin of the left subclavian artery to
the proximal attachment site less than 1.5 cm. Details of the
endovascular procedure have been reported.'*

All patients had a Talent stent-graft (Medtronic Inc, Santa
Rosa, Calif) with a mean of 2.2 * (.7 stent-graft per patient.
Primary procedural success was defined as the absence of death or
surgical conversion, exclusion of aneurysm or transected tract,
occlusion of thoracic tear, and technically successful deployment
of the endoprosthesis at the intended target location.

Early mortality and morbidity were considered as events oc-
curring on the same hospital admission or within 30 days of the
procedure. Late mortality included all deaths after 30 days. Any
death that occurred suddenly or could not be related to other causes
was classified as due to aortic disease.

Endoleaks, a specific complication of EVAR procedure, are
defined as blood flow outside the lumen of the stent graft but
within the aneurysm sac and were classified as early, when de-
tected immediately after the endovascular procedure, and late,
when developed de novo during the follow-up.

The follow-up ranged from 12 to 36 months (mean 24.5 = 7.3
months) and included a clinical examination and standard labora-
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Figure 2. MMP-9 plasma value concentrations before and during follow-up after stent-graft placement. *Not
significant; 1<.05; $<.01; §<.001. EVAR, Endovascular aneurysm repair; MIMP, matrix metalloproteinase.

tory test with MMP and TIMP-1 plasma level determinations.
Thoracic and abdominal aorta CT scans, to detect the efficacy of
the EVAR, were performed at the patient’s discharge and at 1 and
6 months later.

Statistical Analysis

All data are presented as mean = standard deviation. The
Pearson chi-square test was used to assess differences for
clinical variables between the EVAR and control groups. A
Mann—-Whitney U test was used to assess differences between
the groups for the same variable, and repeated-measures anal-
ysis of variance was used to assess the differences between and
within the groups at different times. Univariate linear regres-
sion analysis and Pearson correlation coefficient (r) were used
to identify any significant correlation between MMP and
TIMP-1 plasma levels and aneurysmal maximum diameters.
Data were analyzed by the Statistical Package for the Social
Sciences 12.01 for Windows (SPSS Inc, Chicago, Ill).

Results

There were no hospital deaths. EVAR was successfully
performed in all patients in accordance with the previ-
ously defined criteria. There were no cases of paraplegia
or neurologic complications. The mean procedure time
was 110.6 = 27.5 minutes (range 72—175 minutes), loss
of blood was minimal, and no patient required any trans-
fusion. The mean length of hospital stay was 5.1 = 1.2
days (range 4-10 days).

There were no late deaths. At the 1-month CT scan, 4
endoleaks were identified in 4 patients (12.5%): 2 patients
had a proximal type I endoleak (6.2%), 1 patient required a
secondary EVAR 1 month later and the other resolved
spontaneously within 6 months; the remaining 2 patients,
with type II endoleaks caused by retrograde flow from
intercostal arteries, showed flow reduction and no expan-
sion of the aneurysmal sac at the later follow-up. After stent
graft placement and during follow-up, plasma value concen-
trations of MMP-3 and MMP-9, and MMP-9/TIMP-1 ratio
significantly decreased in patients showing no endoleak com-
pared with preoperative values (repeated-measures analysis of
variance test, P = .001, .001, and .01, respectively), whereas
TIMP-1 plasma values significantly increased (P = .001),
especially in patients with endoleaks (P = .001). At the same
time, these changes were not significant in patients with
endoleaks.

In control group B, plasma concentrations of MMP-3,
MMP-9, and TIMP-1 were not correlated to age (ry =
—0.196-0.109) and were not different between female and
male controls (Mann—Whitney U test, P = not significant).
Control group B data were then compared with the results of
patients with descending TAAs who had undergone EVAR
(group A). The results are summarized in Table 2. The mean
preoperative plasma values for MMP-3, MMP-9, and
MMP-9/TIMP-1 ratio in group A were significantly higher
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Figure 3. TIMP-1 plasma value concentrations before and during follow-up after stent-graft placement. *Not significant;
1<.05; +<.01; §<.001. EVAR, Endovascular aneurysm repair; TIMP, tissue inhibitor of metalloproteinases.

than those in group B (P < .001, = .02, and = .003,
respectively), whereas the mean preoperative plasma value
for TIMP-1 was significantly lower than in group B (P =
.04). At 1 month follow-up, only the MMP-9/TIMP-1 ratio
between the 2 groups reached statistical significance (P =
.01). At the 6-month follow-up all values studied were
similar in both groups.

The 4 patients with endoleaks showed an increase of
MMP-3 and MMP-9 at the 1-month follow-up (P = .002
and .02 vs group A, respectively; P = .003 and < .001 vs
group B, respectively), which slightly persisted only for
MMP-9 at the 6-month follow-up, when a clinical improve-
ment of the endoleaks was also observed (P = .04). In
patients with endoleaks, the MMP-9/TIMP-1 ratio increased,
compared with both EVAR and control groups, at discharge
and at 1 month (P = .008 and .02, respectively), reaching
normal values at 6 months. The plasma value concentrations
preoperatively, after EVAR, and during follow-up, and in
control patients, are shown in Figures 1, 2, 3, and 4.

Discussion

The main cause of descending TAAs is atherosclerosis, and
the pathogenesis of such atherosclerotic aneurysms may
resemble that of AAAs. The aortic wall resists dilatation
because of the strength of its ECM components, notably
elastin and collagen. The MMPs, degrading the ECM, play
a central role in the pathogenesis of atherosclerotic aneu-

rysms.’ Several members of the MMP family have been
implicated in the pathogenesis of aortic aneurysms, includ-
ing stromelysin (MMP-3) and gelatinase B (MMP-9). In
mouse models of atherosclerosis, macrophage-derived
MMPs (MMP-3, 9, and 12) triggered elastolysis and col-
lagenolysis, resulting in media destruction and thus aneu-
rysm formation.'>'® MMP-3 and MMP-9 are well present
in the wall of AAAs,”*® and the role of MMP-9 in aneurysm
formation has been addressed.'®!” MMP-9, released from
inflammatory cells, is significantly elevated in the aneurysm
walls; the levels of MMP-9 messenger RNA expression are
4-fold higher in large aneurysms (5.0—6.9 cm) compared
with small aneurysms (3.0-4.9 cm).'®

An imbalance between MMPs and TIMPs may tip the
equilibrium toward matrix degradation, thus influencing
aneurysm development. Tamarina and colleagues,'® who
studied messenger RNA levels for MMPs and TIMPs in
aneurysms and normal aorta, demonstrated the predominant
role of MMP-9 and TIMP-1 in the aneurysm group. More-
over, TIMP-1-deficient mice, in which experimental aneu-
rysm formation was induced, had an increase in abdominal
and thoracic aneurysm size.?%?!

We prospectively studied the changes in MMP-3,
MMP-9, and TIMP-1 plasma levels in a consecutive series
of patients with TAAs who had undergone EVAR (group A)
and matched them with a control group of healthy patients
(group B). Moreover, we studied the MMP-9/TIMP-1 ratio
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Figure 4. MMP-9/TIMP-1 ratio before and during follow-up after stent-graft placement. *Not significant;, 1<.05;
$<.01; §<.001. EVAR, Endovascular aneurysm repair; MMP, matrix metalloproteinase; TIMP, tissue inhibitor of

metalloproteinases.

as a reliable marker of shifting from an overall proteolytic
state to a more homeostatic one. The increased preoperative
plasma levels of MMP-3 and MMP-9 that we observed in
group A compared with group B may confirm the relation
between active ECM catabolism and aneurysm progression.
These data, widely known for AAAs, have scarcely been
examined in patients with descending TAAs.'*'? Our re-
sults seem to confirm the similar pathophysiology for AAAs
and TAAs and may prove useful in following patients
treated by EVAR. To our knowledge, this report is the first
to demonstrate changes in MMP-3 and 9 and TIMP-1
plasma levels in patients affected by descending TAAs who
were successfully treated by EVAR and its clinical
significance.

In agreement with other studies demonstrating a de-
crease in MMP levels after endovascular or surgical
repair,®’ our study demonstrated an early decrease of
MMP-3 and an increase of TIMP-1 levels, with the
MMP-9 decreasing more gradually. All of these values
reached normality at the 6-month follow-up. We hypoth-
esized that this difference in MMP-3 and MMP-9 de-
crease is the result of the postimplantation syndrome, as
occurred in 5 of our patients, or the unspecific inflam-
matory reaction that always occurs after TAA surgery
(both endovascular or open). Recently, Barbour and col-
leagues®? induced TAA formation in mice and demon-

strated a biphasic changes in MMPs, with persistent high
levels of MMP-9 in the late-phase response ascribed to
chronic inflammatory reaction.

EVAR for descending TAAs has become a consolidated
procedure, improving on short- and mid-term results of
traditional surgical repair.>* Endoleak is a well-known com-
plication of EVAR, and close postoperative surveillance
and early endoleak management are critical to determine the
long-term success of EVAR. Patients are usually followed
up with serial CT scans,?* with significant increase in costs
and radiation exposure. CT imaging alone is not always
adequate in the clinical decision-making process, because
the evaluation of only the aneurysmal diameter in the pres-
ence of an endoleak cannot exactly predict the outcome
after endovascular TAA repair.

We found a relationship between the plasma MMP ex-
pression and the presence of an endoleak, and observed that
MMP and TIMP-1 plasma levels follow the clinical pattern
of patients with an endoleak. In patients with an endoleak,
MMP and TIMP-1 plasma levels normalize at the 3- and
6-month follow-ups when adequate sealing, spontaneous
resolution, and/or reduction of both type I and II endoleaks
clinically occur. On the contrary, a persistence or an in-
crease in MMP levels after EVAR may represent ineffective
aneurysm exclusion. For this reason, we think that MMP
and TIMP-1 assays in patient with endoleaks may be useful
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in avoiding expensive CT scan control, and an increase in
plasma levels should indicate immediate treatment of the
endoleaks. The MMP-9/TIMP-1 ratio, expression of protein
synthetic—lytic equilibrium, seems to be a more accurate
marker, with a trend reflecting the clinical outcome of
patients with endoleaks.

Our data are preliminary and based on a small group of
patients with endoleaks after EVAR. To obtain meaningful
data, more patients with endoleaks are necessary, but this
complication rarely occurs in experienced centers.”>

Conclusions

Although our study involved a small sample of patients and
low statistical power, it confirms that plasma MMP-3 and
MMP-9 values are increased in patients with TAAs, along
with reduced TIMP-1 expression. MMP plasma level deter-
mination could be used to monitor the success of therapeutic
strategies for the treatment of TAAs: EVAR leads to plasma
value normalization of these enzymes, whereas abnormally
high levels are found in patients with endoleaks. The ELISA
test is a simple, readily available, and reliable technique that
may be used both to assess the efficacy of EVAR and to
detect endoleaks, thus avoiding expensive serial CT scan
control. Further studies are necessary before drawing pre-
cise conclusions.
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