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Abstract
Background: This study aims to check the effect of hirudin on serum matrix metalloproteinase-9 (SMMP9) in patients with acute
cerebral infarction (ACI).

Methods: For acquisition of obtained data of included studies, we will undertake comprehensive search from the following
electronic databases: MEDLINE, Embase, Cochrane Library, CINAHL, WANGFANG database, VIP database, CBM database, and
China National Knowledge Infrastructure from their inceptions to the March 31, 2020. No restrictions of language and publication
status will be applied to all database sources. Two investigators will independently undertake study selection, data extraction, and
study quality. Any different opinions between 2 investigators will be solved by a third investigator through consultation. Study quality
will be assessed using Cochrane risk of bias tool, and level of evidence for outcome results will be identified using the Grading of
Recommendations Assessment, Development, and Evaluation method. We will use RevMan 5.3 software for statistical analysis.

Results: From this study, we will evaluate the effect of hirudin on SMMP9 in patients with ACI.

Conclusion: The findings of this study will provide evidence to ensure the effect of hirudin on SMMP9 in patients with ACI.

Abbreviations: ACI = acute cerebral infarction, CCSs = case-controlled studies, CIs = confidence intervals, SMMP9 = serum
matrix metalloproteinase-9.
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1. Introduction

Acute cerebral infarction (ACI), known as acute ischemic stroke,
is a severe neurologic disorder.[1–3] Published studies have
reported that its high mortality and disability rates seriously
impact quality of life in ACI patients.[4–9] Thus, it is very
important to treat ACI effectively and timely. Previous studies
reported the association between serum matrix metalloprotei-
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nase-9 (SMMP9) in patients with ACI.[10–12] Despite several
studies have explored the effect of hirudin on SMMP9 in patients
with ACI,[13–25] no systematic review has evaluated the effect of
hirudin on SMMP9 in ACI. Thus, the aim of this study is to assess
the effect of hirudin on SMMP9 in patients with ACI.
2. Methods

2.1. Study registration

This studyprotocol has been registered in the INPLASY202040143.
It is reported based on the Preferred Reporting Items for Systematic
Review and Meta-Analysis Protocols statement.[26]
2.2. Eligibility criteria
2.2.1. Type of studies.Only case-controlled studies (CCSs) will
be included in this study. Other studies, such as animal studies,
case studies, reviews, and non-CCSs will be excluded. There are
no limitations on language and publication status.

2.2.2. Type of participants. We will include CCSs on
participants who are diagnosed as ACI. The race, gender, age,
severity, and duration of CCSs are not restricted.

2.2.3. Type of interventions. We will include studies using
hirudin in patients with ACI in the experimental group.
We will consider studies using any management in patients

with ACI in the control group.

2.2.4. Type of outcomes. The primary outcome is SMMP9, as
measured by enzyme-linked immunoassay kit or other methods.
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Table 1

Search strategy for MEDLINE.

Number Search terms

1 Stroke
2 Cerebral infarction
3 Ischemic cerebral infarction
4 Ischemic stroke
5 Ischemic brain infarction
6 Acute
7 Serum
8 Matrix metalloproteinase-9
9 MMP-9
10 Or 1–9
11 Hirudin
12 Lepirudin
13 Desirudin
14 Or 11–13
15 Case-controlled studies
16 Controlled study
17 Clinical study
18 Observational study
19 Trial
20 Or 15–19
21 10 and 14 and 20

MMP-9 = matrix metalloproteinase-9.
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The secondary outcomes are plasma positive pentamer protein
3, tissue plasminogen activator, high-sensitivity C-reactive
protein level, hemorheology index, thromboplastin time, plasma
prothrombin time, plasminogen activator inhibitor, thrombox-
ane B2, improvement in neurologic deficits (as checked by simple
intelligence status check scale, or other scales), and quality of life
(as assessed by activities of daily living).
2.3. Search strategy

We will perform electronic search in the following electronic
databases from their inceptions to the March 31, 2020: MED-
LINE, Embase, Cochrane Library, CINAHL, WANGFANG
database, VIP database, CBM database, and China National
Knowledge Infrastructure. No limitations will be imposed on
language and publication status. The sample of search strategy of
MEDLINE is demonstrated in Table 1. Similar search strategies of
other electronic databases will be adapted and modified.
In addition, wewill search conference proceedings, clinical trial

registries, and reference lists of included studies.
2.4. Study selection

Two investigators will independently scan the titles and abstracts
of all searched literature in accordance with the inclusion and
exclusion criteria. When these literatures are unclear to judge
whether they should be excluded, full-texts will be read to identity
if they are qualified to be included. Any divergences between 2
investigators will be solved through discussion with another
investigator.Wewill note reasons for all excluded studies.Theflow
chart will be used to present the whole process of study selection.
2.5. Data extraction

Two investigators will independently carry out data extrac-
tion, respectively. Any disagreements regarding the data
2

extraction between 2 investigators will be resolved by another
investigator. We will extract the following information: basic
characteristics (including first author, time of publication,
region, age and sex of patients, diagnostic criteria, inclusion,
and exclusion criteria), study methods, details of managements
(including types of interventions and controls, dosage,
frequency, etc), all primary and secondary outcomes, and
any other relevant information. If we identify some unclear or
missing data, primary corresponding authors will be contacted
to obtain it.
2.6. Study quality assessment

The methodologic quality of all included studies will be assessed
by 2 independent investigators using Cochrane Risk of Bias Tool.
It consists of 7 domains, and the judgments on each item is
categorized as low risk of bias, unclear risk of bias, and high risk
of bias. Any disagreements between 2 investigators will be solved
by negotiation or consultation with the help of another
investigator.
2.7. Statistical analysis
2.7.1. Data synthesis. RevMan 5.3 software is used for
statistical analysis. Mean difference or standardized mean
difference and 95% confidence intervals will be used for
expressing quantitative data, and risk ratio and 95% confidence
intervals will be utilized for exerting dichotomous data. We will
apply I2 statistic test to check statistical heterogeneity across
studies. If I2�50%, it means reasonable heterogeneity. If I2>
50%, it suggests substantial heterogeneity. When I2�50%, we
will use a fixed-effects model. Otherwise, a random-effects model
will be utilized. If sufficient data are obtained from at least 2
included studies, we will pool the data and will perform meta-
analysis if reasonable heterogeneity is identified. If not, we will
undertake subgroup analysis to check the factors for substantial
heterogeneity.

2.7.2. Subgroup analysis. We will explore the subgroup
analysis according to on the different basic characteristics, study
quality, interventions, controls, and outcome measurements.

2.7.3. Sensitivity analysis. We will undertake sensitivity
analysis to check robustness of merged results by removing
low quality studies.

2.7.4. Reporting bias. We will check reporting bias using
Funnel plot and Egger regression test if at least 10 eligible studies
are included.[27,28]
2.8. Grading the quality of evidence

We will identify evidence quality using the Grading of
Recommendations Assessment, Development, and Evaluation
method.[29] It consists of 4 levels, and it is generally graded
according to the basis of risk of bias, inconsistency, indirectness,
inaccuracy, and publication bias.
2.9. Ethics and dissemination

No ethic approval is needed, because all data used in this study is
collected from previous published literatures. We expect to
publish this study on a peer-reviewed journal.
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3. Discussion

The ACI is a very common neurologic disease, especially among
the elderly population.
Although a wide range of treatments are available for ACI,

there are still some shortcomings. Thus, it is still very necessary to
explore more potential medications for this condition. Several
studies have reported the effect of hirudin for the management of
ACI, especially affects SMMP9 in patients with ACI. Unfortu-
nately, no published systematic review has addressed this issue.
Thus, this study will firstly explore the effect of hirudin on
SMMP9 in patients with ACI. The results of this study expect to
provide beneficial evidence for clinical practice and researchers.
Author contributions

Conceptualization: Ying Bian, Ying Zhang, Zhi-bin Tian.
Data curation: Ying Bian, Ying Zhang, Zhi-bin Tian.
Formal analysis: Ying Bian, Ying Zhang, Zhi-bin Tian.
Funding acquisition: Zhi-bin Tian.
Investigation: Zhi-bin Tian.
Methodology: Ying Bian, Ying Zhang.
Project administration: Zhi-bin Tian.
Resources: Ying Bian, Ying Zhang.
Software: Ying Bian, Ying Zhang.
Supervision: Zhi-bin Tian.
Validation: Ying Bian, Ying Zhang, Zhi-bin Tian.
Visualization: Ying Bian, Ying Zhang, Zhi-bin Tian.
Writing – original draft: Ying Bian, Ying Zhang, Zhi-bin Tian.
Writing – review & editing: Ying Bian, Zhi-bin Tian.
References

[1] Atik İ, KozacıN, Beydilli İ, et al. Investigation of oxidant and antioxidant
levels in patients with acute stroke in the emergency service. Am J Emerg
Med 2016;34:2379–83.

[2] Kim J, Lee DH, Cha MJ, et al. Low ankle-brachial index is an
independent predictor of poor functional outcome in acute cerebral
infarction. Atherosclerosis 2012;224:113–7.

[3] Powers WJ, Derdeyn CP, Biller J, et al. 2015 American Heart
Association/American Stroke Association Focused Update of the 2013
Guidelines for the Early Management of Patients With Acute Ischemic
Stroke Regarding Endovascular Treatment: A Guideline for Healthcare
Professionals From the American Heart Association/American Stroke
Association. Stroke 2015;46:3020–35.

[4] Wang SY, Wang XL, Zeng H, et al. Early intravenous thrombolysis with
recombinant tissue plasminogen activator for acute cerebral infarction.
Zhongguo Wei Zhong Bing Ji Jiu Yi Xue 2003;15:542–5.

[5] ChenX, Bi H, ZhangM, et al. Research of sleep disorders in patients with
acute cerebral infarction. J Stroke Cerebrovasc Dis 2015;24:2508–13.

[6] Hori YS, Kodera S, Sato Y, et al. Eosinopenia as a predictive factor of the
short-term risk of mortality and infection after acute cerebral infarction. J
Stroke Cerebrovasc Dis 2016;25:1307–12.

[7] Sun Z, Xu Q, Gao G, et al. Clinical observation in edaravone treatment
for acute cerebral infarction. Niger J Clin Pract 2019;22:1324–7.
3

[8] Li L, Ren S, Hao X, et al. Efficacy of minimally invasive intervention in
patients with acute cerebral infarction. J Cardiovasc Pharmacol
2019;73:22–6.

[9] Liu S, Wang K, Duan X, et al. Efficacy of Danshen class injection in the
treatment of acute cerebral infarction: a Bayesian network meta-analysis
of randomized controlled trials. Evid Based Complement Alternat Med
2019;2019:5814749.

[10] Li DD, Song JN, Huang H, et al. The roles ofMMP-9/TIMP-1 in cerebral
edema following experimental acute cerebral infarction in rats. Neurosci
Lett 2013;550:168–72.

[11] Liu X, Jin X, Chen B, et al. Effects of Kudiezi injection on serum
inflammatory biomarkers in patients with acute cerebral infarction. Dis
Markers 2018;2018:7936736.

[12] Chen L, Yang Q, Ding R, et al. Carotid thickness and atherosclerotic
plaque stability, serum inflammation, serum MMP-2 and MMP-9 were
associatedwith acute cerebral infarction. Exp TherMed 2018;16:5253–7.

[13] Li H, Xu XD, Fu CB, et al. Clinical effect of Shuizhi Tongluo powder on
acute ischemic stroke. Clin Med Res Practice 2019;4:149–51.

[14] Huang QY, Leng J, Gan QC, et al. Application of leeches and their
preparations in cardiovascular and cerebrovascular diseases. Chin Patent
Med 2019;41:1915–20.

[15] Lai YS, Hu YQ. Research progress of leech in treating stroke. Hebei J
Tradit Chin Med 2013;35:785–7.

[16] Wang Z. The clinical pharmacology of leeches capsules. Primary Med
Forum 2013;17:513–4.

[17] Yu FS, Du WH. Effect of hirudin combined with hyperbaric oxygen
therapy onMMP-9 in patients with cerebral infarction. InnerMongolian
Tradit Chin Med 2011;30:4–5.

[18] Jin HW. Treatment of 152 cases of cerebral infarction with leeches-
dilong compound injection. Shaanxi J Tradit Chin Med 2008;10:
1362–3.

[19] Zhu Y, Long J, Li HY, et al. randomized controlled study of aspirin and
aspirin or clopidogrel treatment of transient ischemic attack. ChinJ
Cerebrovasc Dis 2008;2:70–4.

[20] Dai GM, Yin MH. Research progress of hirudin in the treatment of
cerebrovascular diseases. Med J Yanbian Univ 2007;3:215–7.

[21] Wu YS, ZhangWG, Zheng GJ, et al. The effect of leech micropowder on
the levels of vonWillebrand factor and platelet alpha-granule membrane
protein 140 in acute cerebral infarction. J Shandong Univ Tradit Chin
Med 2007;1:23–5.

[22] Li HY, Zhang XN, Zhu Y, et al. The combined use of hirudin and aspirin
on the coagulation function of patients with cerebral infarction research
on impact. Chin J Clin Neurosci 2005;3:286–8.

[23] Zhang X, Yu Z, Hu CL. The mechanism and effect of the extract of
leeches and earth dragon on acute cerebral infarction. Chin J
Cerebrovasc Dis 2005;6:244–8.

[24] Lin Q, Dou WB, Zhou H, et al. The effect of hirudin injection on the
recovery of motor function in patients with cerebral infarction. Chin J
Clin Rehabilit 2004;10:1893.

[25] Tian H, Wang X. Analysis of 60 cases of cerebral infarction treated with
hirudin and ligustrazine. J Nantong Med College 2003;3:304–6.

[26] Shamseer L, Moher D, Clarke M, et al. PRISMA-P Group. Preferred
reporting items for systematic review and meta-analysis protocols
(PRISMA-P) 2015: elaboration and explanation. BMJ 2015;349:g7647.

[27] Sutton AJ, Duval SJ, Tweedie RL, et al. Empirical assessment of effect of
publication bias on meta-analyses. BMJ 2000;320:1574–7.

[28] Egger M, Davey Smith G, Schneider M, et al. Bias in meta-analysis
detected by a simple, graphical test. BMJ 1997;315:629–34.

[29] Phi L, Ajaj R, Ramchandani MH, et al. Expanding the Grading of
Recommendations Assessment, Development, and Evaluation (Ex-
GRADE) for evidence-based clinical recommendations: validation study.
Open Dent J 2012;6:31–40.

http://www.md-journal.com

	Effect of hirudin on serum matrix metalloproteinase-9 of acute cerebral infarction
	1 Introduction
	2 Methods
	2.1 Study registration
	2.2 Eligibility criteria
	2.2.1 Type of studies
	2.2.2 Type of participants
	2.2.3 Type of interventions
	2.2.4 Type of outcomes

	2.3 Search strategy
	2.4 Study selection
	2.5 Data extraction
	2.6 Study quality assessment
	2.7 Statistical analysis
	2.7.1 Data synthesis
	2.7.2 Subgroup analysis
	2.7.3 Sensitivity analysis
	2.7.4 Reporting bias

	2.8 Grading the quality of evidence
	2.9 Ethics and dissemination

	3 Discussion
	Author contributions
	References


