Int J Clin Exp Med 2017;10(8):12336-12342
www.ijcem.com /ISSN:1940-5901/1JCEM0046606

Original Article

Serum levels of matrix metalloproteinase-2 and matrix
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evaluation of the prognosis of patients with ruptured
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Abstract: The present study is to investigate changes of serum levels of matrix metalloproteinase-2 (MMP-2) and
matrix metalloproteinase-9 (MMP-9) before and after interventional therapy of ruptured intracranial aneurysm (IA),
as well as their correlation with prognosis. A total of 200 patients with ruptured IAs who received intervention-
al treatments at our hospital between December 2014 and November 2015 were enrolled in the present study.
Peripheral venous blood was collected before the therapy, and on day 3, in the end of week 1 and in the end of
month 1 after therapy. In the meantime, 150 healthy subjects were included as control. Serum levels of MMP-2 and
MMP-9 were determined using enzyme-linked immunosorbent assay. The clinical effects of all patients were evalu-
ated using Glasgow outcome scale (GOS) after discharging. Univariate analysis was performed using Chi-square test
for the identification of factors that might mainly affect the prognosis. Multivariate logistic regression analysis was
performed to investigate the factors with statistical significance. The prognostic value was determined by the area
under the receiver operating characteristic curve. Serum levels of MMP-2 and MMP-9 in patients with ruptured IAs
were different before and after interventional therapy. The majority of patients with ruptured IAs had good progno-
sis after interventional therapy. Prognosis of patients with ruptured IAs was correlated with cerebral angiospasm,
Hunt-Hess classification and rehaemorrhagia. Serum levels of MMP-2 and MMP-9 were distinct in patients with
different grades of Hunt-Hess classification or different severity of cerebral angiospasm. Serum levels of MMP-2
and MMP-9, Hunt-Hess classification and cerebral angiospasm severity had diagnostic significance in the evalua-
tion of the efficacy of interventional therapy on ruptured IAs. The present study demonstrates that serum levels of
MMP-2 and MMP-9 are of clinical significance for the evaluation of the prognosis of patients with ruptured IAs after
interventional therapy.
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Introduction

Intracranial aneurysm (lA), a kind of abnormal
swelling on the wall of the cerebral artery, is a
common cerebrovascular disease with an inci-
dence of 1-2% in adults [1]. IA occurs usually
because brain vessels are thinner and weaker
than peripheral blood vessels and are lacking
of branches. IA rupture usually leads to sub-
arachnoid hemorrhage (SAH), which is the main
cause of deaths. The incidence of |A rupture is
the third highest in China, being only lower than
that of hypertensive cerebral hemorrhage and

cerebral thrombosis [2, 3]. Recurrent IA hemor-
rhage accounts for 14-44% of all cases of 1A
hemorrhage, and the mortality of patients with
recurrent IA hemorrhage is 20-85% [4, 5]. The
prognosis of IA hemorrhage is mainly depen-
dent on the incidence of complications and
treatment methods. As the development of
medical imaging technology, computed tomog-
raphy angiography, magnetic resonance angi-
ography and digital subtraction angiography
have been gradually improved and applied in
clinical practice, leading to higher and higher
detection rates of cerebral aneurysms.
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Table 1. Clinical data of patients with ruptured intracranial aneurysms

Clinical data Number Percentage
Diameters <5 mm 96 patients 34.7%
6-15 mm 134 patients 84.7%
15-25 mm 40 patients 14.4%
> 25 mm 6 patients 2.1%
Different locations Anterior cerebral artery 28 intracranial aneurysms 10.1%
Anterior communicating artery 47 intracranial aneurysms 17.0%

Middle cerebral artery (left/right)

66/59 intracranial aneurysms  23.9%/21.3%

Posterior communicating artery (left/right) 41/35 intracranial aneurysms  14.8%/12.6%

Early surgical treatments mainly include crani-
otomy and endovascular interventional thera-
py. Surgical treatment is very important in re-
ducing the incidence of preoperative re-bleed-
ing and improving prognosis. Interventional
therapy has become one of the main methods
for the treatment of ruptured IA due to its
advantages such as simple approach, less
trauma and fewer complications [6]. Cerebral
angiospasm caused by cerebral aneurysm rup-
ture has become a difficult problem for patients
with cerebral aneurysm after surgery. Cerebral
ischemia caused by cerebral angiospasm has
ranked the second among all causes of cere-
bral ischemia [7]. The formation and develop-
ment of IA rupture are closely related to matrix
metalloproteinases (MMPs), such as MMP-2
and MMP-9 [8]. Detection of MMP-2 and
MMP-9 in peripheral blood can be of impor-
tance in the prediction of prognosis of IA rup-
ture. Hunt-Hess classification is an important
scale to evaluate the conditions of SAH pati-
ents, with higher grades corresponding to more
severe symptoms and weaker tolerance to
cerebral angiospasm [9]. In the present study,
we retrospectively analyze changes in serum
contents of MMP-2 and MMP-9 before and
after interventional treatment of ruptured IA,
and investigate the correlation between these
changes and the prognosis of IA rupture.

Materials and methods
Patients

A total of 200 patients with ruptured IAs who
received interventional treatments at our hos-
pital between December 2014 and November
2015 were enrolled in the present study, includ-
ing 92 males and 108 females (age range,
26-70 years; mean age, 56.72 + 13.51 years).
Peripheral venous blood was collected before
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therapy, and on day 3, in the end of week 1 and
in the end of month 1 after therapy. In the
meantime, 150 healthy subjects were included
as control. The total number of confirmed rup-
tured IAs was 276. The sizes of the ruptured IAs
ranged between 0.6 and 35 mm. The number
of ruptured IAs with a diameter less than 5 mm
was 96, that with a diameter between 5 and 15
mm was 134, that with a diameter between 15
and 25 mm was 40, and that with a diameter
over 25 mm was 6. The neck widths of the IAs
were between 1.0 and 9.9 mm (Table 1). All
procedures were approved by the Ethics Co-
mmittee of Nanjing Medical University. Written
informed consents were obtained from all
patients or their families.

Inclusion and exclusion criteria

The inclusion criteria were: i) the patient recei-
ved computed tomography (CT) or magnetic
resonance imaging (MRI) and classified into
stage | or Il according to Hunt-Hess classifica-
tion scale; ii) the patient had at least one rup-
tured IAs; iii) the patient received endovascular
treatment by embolization materials that were
mainly Guglielmi detachable coils; iv) the pati-
ent had complete clinical data and was glad to
cooperate in follow-ups. The exclusion criteria
were: i) the patient had cerebral vascular dis-
eases other than IAs; ii) the patient had severe
heart, liver and kidney dysfunctions.

Surgical method

All patients were subjected to general anesthe-
sia or heparinization. Under the supervision by
DSA, femoral artery puncture was performed
using Seldinger technique. After successful
puncture, 6F guiding tube was placed in the
internal carotid artery at the affected side in
femoral artery. The micro-catheter reached the
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Table 2. Serum levels of MMP-2 and MMP-9 in patients with ruptured intracranial aneurysms before
and after interventional therapy (means * standard deviations)

Groups MMP-2 (ng/ml) P value MMP-9 (ng/ml) P value

Control 88.16 + 3.62 138.62 + 3.04

Patients Before therapy 153.68 + 16.56 <0.05 317.35 + 36.72 <0.05
Day 3 after therapy 145.32 + 5.63 <0.05 369.35 + 32.46 <0.05
Week 1 after therapy 162.35 + 12.36 <0.05 410.82 + 40.32 <0.05
Month 1 after therapy 124.63 + 10.63 <0.05 352.36 + 29.63 <0.05

Note: MMP, matrix metalloproteinase.

1/3-1/2 near end of the ruptured IA under the
guidance by a guiding wire. Treatment plan was
made according to the sizes and shapes of |As.
Using suitable angles, the tip of the 6F guiding
catheter was pushed to a suitable position.
According to the location of the aneurysm, the
tip of the micro-catheter was bent. Under the
guidance of micro-guide wire, the micro-cathe-
ter head was pushed to the 1/3-1/2 in the IA. If
the tip of the micro-catheter was stable, the
micro-guide wire was retracted. Appropriate
coils were selected and filled into a more flexi-
ble and smaller coil, in order to embolize the
ruptured |As. After embolization, conventional
anticoagulant therapy was performed. If there
is an obvious cerebral hemorrhage after sur-
gery, lumbar puncture and drainage should be
maintained for 3-7 days, together with treat-
ment of cerebral angiospasm.

Enzyme-linked immunosorbent assay (ELISA)

Morning fasting venous blood (5 ml) was with-
drawn from all patients at the time of onset,
and 3 days, 1 week and 1 month after the
onset. The blood samples were centrifuged at
3,000 r/min for 20 min for the collection of
serum. Serum levels of MMP-2 and MMP-9
were tested using ELISA kits (Thermo Fisher
Scientific, Waltham, MA, USA) following the
manufacturer’'s manual.

Glasgow outcome scale

The clinical effects of all patients were ana-
lyzed using Glasgow outcome scale (GOS).
Patients with 5 or 4 points were considered to
have good prognosis, while those with 3, 2 or 1
points were predicted to have poor prognosis.

Statistical analysis

The results were analyzed using SPSS 17.0
software (IBM, Armonk, NY, USA). Measurement
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data were expressed as means + standard
deviations. Univariate analysis was performed
using Chi-square test for the identification of
factors that might mainly affect the prognosis,
such as Hunt-Hess classification, cerebral
angiospasm, rehaemorrhagia, hydrocephalus
and epileptic seizure. Then, multivariate logistic
regression analysis was performed to investi-
gate the factors with statistical significance.
The prognostic value was determined by the
area under the receiver operating characteris-
tic (ROC) curve (> 0.5 was considered effec-
tive). Differences with P < 0.05 were consid-
ered statistically significant.

Results

Serum levels of MMP-2 and MMP-9 in patients
with ruptured IAs are different before and after
interventional therapy

To determine the changes of MMP-2 and
MMP-9 levels before and after interventional
therapy, ELISA was performed. Before interven-
tional therapy, the serum levels of MMP-2 and
MMP-9 in patients with ruptured IAs were sig-
nificantly higher than those in normal subjects
(P < 0.05). On day 3 and in the end of week 1,
the serum level of MMP-2 in the patients was
significantly higher than that before therapy (P
< 0.05). In the end of month 1, the serum level
of MMP-2 in the patients was significantly lower
than that before therapy (P < 0.05). On day 3
and in the end of week 1, the serum level of
MMP-9 in the patients was significantly higher
than that before therapy (P < 0.05). In the end
of month 1, the serum level of MMP-9 in the
patients was significantly lower than that in
the end of week 1 (P < 0.05), but still higher
than that before therapy (P < 0.05) (Table 2).
The results suggest that the serum levels of
MMP-2 and MMP-9 in patients with ruptured
IAs are different before and after intervention-
al therapy.
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Figure 1. Cerebral angiography of a patient with spontaneous subarachnoid hemorrhage. A. Two-dimensional angi-
ography showing the position of aneurysm. B. Three-dimensional angiography showing the neck of aneurysms and
their sizes. Cystic dilatation was observed in the right posterior communicating artery, with a size of 3.1 x 3.2 mm
and a neoplasia neck of 2.6 mm. Cerebral angiography showed dense aneurysm embolization, and tumor-bearing
artery was unobstructed.

Table 3. Logistic regression analysis of preoperative risk
factors and prognosis of ruptured intracranial aneurysms

Prognosis of patients with ruptured IAs
is correlated with cerebral angiospasm,

Hunt-Hess classification and rehaemor-

Exp

95% Exp (B)

Variables ) L(_)Wfar Uppgr value
limit  limit
Age 0.94 065 0.83 0.28
Gender 0.71 0.62 194 0.17
Hydrocephalus 0.39 0.07 1.25 0.35
Cerebral angiospasm 8.7 3.4 9.1 0.04
Hunt-Hess classification (land Il) 0.96 0.17 8.98 0.01
Rehaemorrhagia 1.36 4.65 13.5 0.00
Epileptic seizure 8.34 12.65 24.8 0.43

rhagia

To analyze the preoperative risk factors
that are related with prognosis, logistic
regression analysis was performed. The
data showed that preoperative cerebral
angiospasm, Hunt-Hess classification
(grades | and Il) and rehaemorrhagia
were significantly correlated with prog-
nosis (P < 0.05), but age, gender, hydro-

The majority of patients with ruptured IAs have
good prognosis after interventional therapy

To evaluate the clinical effect of interventional
therapy on ruptured IAs, GOS was used. Imag-
ing data of IAs showed that the IAs varied a
lot before, in the middle of and after therapy,
and disappeared after embolization. When the
patients were discharged, GOS scores showed
that 146 cases (73%) had good prognosis (4 or
5 points in GOS) and 54 cases (27%) had poor
prognosis (1, 2 or 3 points in GOS) (Figure
1). The result indicates that the majority of
patients with ruptured IAs have good prognosis
after interventional therapy.
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cephalus and epileptic seizure were not
significantly correlated with prognosis
(P > 0.05) (Table 3). The result suggests that
the prognosis of patients with ruptured IAs is
correlated with cerebral angiospasm, Hunt-
Hess classification and rehaemorrhagia.

Serum levels of MMP-2 and MMP-9 are dis-
tinct in patients with different grades of Hunt-
Hess classification or different severity of cere-
bral angiospasm

To examine the serum levels of MMP-2 and
MMP-9 after interventional therapy in patients
with different grades of Hunt-Hess classifica-
tion (grades | and Il), different severity of cere-
bral angiospasm, and presence or absence of
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Table 4. Postoperative serum levels of MMP-2 and MMP-9 in the presence of different relevant risk

factors
MMP-2 (x 103 ng/ml) Pvalue MMP-9 (x 10° ng/ml) P value
Hunt-Hess classification | 141.3+ 171 0.04 320.5+374 0.05
I 196.8 + 15.6 416.5+54.1
Cerebral angiospasm Severe 154.6 £ 19.8 0.01 415.7 + 46.2 0.00
Mild to moderate 115.5 + 16.7 326.9+34.4
Rehaemorrhagia Yes 136.7 £ 18.2 0.12 411.2 £+29.8 0.28
No 120.7 +12.1 314.0 £ 37.2

Note: MMP, matrix metalloproteinase.

----- Cerebral Angiospasm
——Line of Reference

Sensitivity

0.0

00 02 04 06 08 1.0
1 - Specificity

Figure 2. Receiver operating characteristic (ROC)
curves for serum levels of MMP-2 and MMP-9, Hunt-
Hess classification and cerebral angiospasm.

rehaemorrhagia, ELISA was employed. The
data showed that the levels of MMP-2 and
MMP-9 in patients with Hunt-Hess grade | were
significantly different from those in patients
with grade Il (P < 0.05). In addition, the levels of
MMP-2 and MMP-9 in patients with severe
cerebral angiospasm were significantly differ-
ent from those in patients with mild to moder-
ate cerebral angiospasm (P < 0.05). However,
the levels of MMP-2 and MMP-9 in patients
with rehaemorrhagia were not significantly dif-
ferent from those in patients without rehaem-
orrhagia (P > 0.05) (Table 4). The results indi-
cate that serum levels of MMP-2 and MMP-9
are distinct in patients with different grades of
Hunt-Hess classification or different severity of
cerebral angiospasm.

Serum levels of MMP-2 and MMP-9, Hunt-
Hess classification and cerebral angiospasm
severity have diagnostic significance in the
evaluation of the efficacy of interventional
therapy on ruptured IAs

To test the diagnostic values of serum levels of
MMP-2 and MMP-9, Hunt-Hess classification
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and cerebral angiospasm severity, ROC curve
was constructed. The areas under the ROC
curves for MMP-2 level, MMP-9 level, Hunt-
Hess classification and cerebral angiospasm
were 89%, 80%, 75% and 72%, respectively,
and their sensitivity and specificity were both
higher than 90% (Figure 2). Of note, the diag-
nostic points for serum levels of MMP-2 and
MMP-9 were 124 ng/ml and 321 ng/ml, res-
pectively. The result suggests that serum levels
of MMP-2 and MMP-9, Hunt-Hess classification
and cerebral angiospasm severity have diag-
nostic significance in the evaluation of the effi-
cacy of interventional therapy on ruptured IAs.

Discussion

Ruptured IA is a common cerebrovascular dis-
ease in clinical practice, and SAH accounts for
a great percentage of all cases of ruptured IA
[10]. Cerebral angiospasm is the most common
and severe complication of ruptured IA that
leads to high mortality rate and poor prognosis.
The time point with the peak death and disabil-
ity rates is within one week after rupture of IAs.
Early treatment can effectively prevent the
aneurysm from bleeding again [11]. The treat-
ment time is earlier, the incidence of complica-
tions of patients is smaller [12]. In the present
study, patients with ruptured IAs received endo-
vascular interventional treatment, which has
become one of the main methods for the treat-
ment of ruptured IA. It is shown that the direct
pathologic triggers for the development and
rupture of aneurysms are hemodynamic chang-
es induced by vascular endothelial cell lesions
and extracellular matrix decomposition [13-
15]. In clinical practice, inflammation-related
factors MMP-2 and MMP-9 are usually used for
auxiliary diagnosis and the evaluation of thera-
peutic effect. It is reported that expression of
MMP-2 and MMP-9 in aneurysm wall tissues is
significantly higher than that in normal arterial
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blood vessels [16]. Changes in serum levels of
MMP-2 and MMP-9 in patients with ruptured
IAs before and after interventional therapy sug-
gest that MMP-2 and MMP-9 play important
roles in the occurrence of ruptured IAs.

A study shows that Hunt-Hess classification is
correlated with the prognosis of disease, and
patients with higher grades of Hunt-Hess clas-
sification usually have poorer prognosis and
higher mortality rate [17]. The reason may be
that higher grades usually lead to higher inci-
dence of cerebral angiospasm. Cerebral angi-
ography shows that about 70% patients with
ruptured IAs have cerebral angiospasm, among
which 30% patients present clinical manifesta-
tions. Pathological analysis shows that inflam-
matory responses play important roles in the
development of cerebral angiospasm. MMP-2
and MMP-9 are mainly secreted by macroph-
ages and neutrophils. In an inflammatory envi-
ronment, microglia cells are stimulated and
secrete abundant MMP-2 and MMP-9 [18]. In
the present study, 73% patients have 4 or 5
points in GOS on discharging, suggesting that
interventional therapy is effective in the treat-
ment of ruptured IAs. Logistic regression analy-
sis of preoperative prognostic risk factors sho-
ws that cerebral angiospasm, Hunt-Hess clas-
sification (I and Il grades), and rehaemorrhagia
have significant influence on prognosis. In addi-
tion, serum levels of MMP-2 and MMP-9 under
different Hunt-Hess grades and different cere-
bral angiospasm severity were distinct, sug-
gesting that MMP-2 and MMP-9 serum levels
have great influence on the occurrence of rup-
tured IAs. ROC curves of MMP-2 and MMP-9
serum levels, Hunt-Hess classification and
cerebral angiospasm demonstrate that these
factors have diagnostic significance for evaluat-
ing the efficacy of interventional therapy for
patients with ruptured IAs. In addition, the opti-
mal diagnostic points of MMP-2 and MMP-9
serum levels are 124 ng/ml and 321 ng/ml,
respectively, and have guiding significance for
the evaluation of prognosis. In conclusion,
MMP-2 and MMP-9 are highly specific factors
for patients with ruptured IAs, and changes in
serum levels of MMP-2 and MMP-9 can be
used for the evaluation of clinical efficacy and
prognosis of interventional therapy of ruptured
IAs.
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