
SUPPLEMENTAL MATERIAL

Biomarkers in the Prediction of Hemorrhagic Transformation in Acute Stroke: A Systematic Review and Meta-analysis

Appendix 1: Systematic Review Search Strategy

	MEDLINE (PubMed CENTRAL)

	1
	Stroke [mh]

	2
	cerebral[tiab]
OR brain[tiab]
OR Intracranial[tiab]
OR intracerebral[tiab]
OR cerebrum[tiab] OR brain stem[tiab] OR cerebellum[tiab] OR cerebellar[tiab] OR

hemispher*[tiab]   OR
cephalo*[tiab])   and
(infarction
OR
ischemia[tiab]
OR apoplexy[tiab] OR thrombosis[tiab] OR embolism[tiab]

	3
	carotid artery[tiab] OR cerebral vascular[tiab] OR cerebrovascular[tiab] OR vertebrobasilar[tiab] OR cerebral[tiab] OR Intracranial[tiab] OR intracerebral[tiab] OR cerebellar[tiab] OR lacunar[tiab] OR circulation[tiab] OR basilar artery[tiab] OR vertebral artery[tiab] AND disease[tiab] OR accident[tiab] OR obstruct[tiab] OR

occlus*[tiab] OR hypoxi*[tiab]

	4
	cardioembolic
stroke[tiab]
OR
stroke
patient[tiab]
OR
stroke
unit[tiab]
OR

mca*[tiab]OR aca*[tiab] OR pca*[tiab] OR lacunar infarction[tiab]

	5
	#1 OR #2 OR #3 OR #4

	6
	Intracranial Hemorrhage/blood[mh] OR hemorrhagic transformation[tiab] OR symptomatic hemorrhagic transformation[tiab] OR asymptomatic hemorrhagic transformation[tiab] OR symptomatic intracranial cerebral hemorrhage[tiab] OR symptomatic hemorrhage[tiab] OR hemorrhage following intravenous

thrombolysis[tiab] OR cerebral hemorrhage[tiab]

	7
	Thrombolytic Therapy[mh]

	8
	Biomarkers/blood[mh]
biological
markers[tiab]
OR
markers[tiab]
OR
serum markers[tiab] OR biochemical markers[mh] OR circulating biomarkers[tiab] OR
clinical markers[tiab]


	9
	5 AND 6 AND 8

	10
	5 AND 7 AND 8

	11
	7 AND 9

	12
	Matrix Metalloproteinase 9/blood[mh] OR MMP-9[tiab] OR MMP 9 Metalloproteinase[tiab] OR Metalloproteinase[tiab] OR 92 kDa Type IV Collagenase[tiab] OR 92 kDa Gelatinase[tiab] OR Gelatinase B[tiab] OR OR pro- matrix metalloproteinase 9[mh] OR GFAP protein, human[mh] OR Neutrophils/metabolism[mh] OR S100 Calcium Binding Protein beta Subunit [Mh] OR Tight junctions[mh] OR interleukin 17[mh] OR interleukin 6[mh] OR cytokines[mh]

OR chemokines[mh] OR adhesion protein[mh] OR st2[mh] OR Fibrin Fibrinogen Degradation Products[mh] OR fibronectin[mh]

	13
	9 AND 12

	14
	10 AND 12

	15
	11 and 12


Appendix 2: QUADAS-2 Tool
Phase 1: State the review question:
Patients (setting, intended use of index test, presentation, prior testing):

Index test(s):

Reference standard and target condition:
Phase 2: Draw a flow diagram for the primary study

Phase 3: Risk of bias and applicability judgments

QUADAS-2 is structured so that 4 key domains are each rated in terms of the risk of bias and the concern regarding applicability to the research question (as defined above). Each key domain has a set of signaling questions to help reach the judgments regarding bias and applicability.
DOMAIN 1: PATIENT SELECTION

A. Risk of Bias

Describe methods of patient selection:
	 Was a consecutive or random sample of patients enrolled?


 Was a case-control design avoided?

 Did the study avoid inappropriate exclusions?

	Yes/No/Unclear

Yes/No/Unclear

Yes/No/Unclear

	
	

	Could the selection of patients have introduced bias?


	Risk: Low/High/Unclear




B. Concerns regarding applicability

Describe included patients (prior testing, presentation, intended use of index test and setting):

	Is there concern that the included patients do not match                   

the review question?


	Concern: Low/High/Unclear


DOMAIN 2: INDEX TEST(S)

If more than one index test was used, please complete for each test.

A. Risk of Bias

Describe the index test and how it was conducted and interpreted:

	 Were the index test results interpreted without knowledge of the results of the reference standard?

 If a threshold was used, was it pre-specified?
	Yes/No/Unclear

Yes/No/Unclear

	
	

	Could the conduct or interpretation of the index test

have introduced bias?
	Risk: Low/High/Unclear




B. Concerns regarding applicability

	Is there concern that the index test, its conduct, or interpretation differ from the review question?


	Concern: Low/High/Unclear


DOMAIN 3: REFERENCE STANDARD

A. Risk of Bias


Describe the reference standard and how it was conducted and interpreted:

	 Is the reference standard likely to correctly classify the target
Yes/No/Unclear

condition?

 Were the reference standard results interpreted without
Yes/No/Unclear

knowledge of the results of the index test?
	Yes/No/Unclear

Yes/No/Unclear

	
	

	Could the reference standard, its conduct, or its interpretation have introduced bias?


	Risk: Low/High/Unclear




B. Concerns regarding applicability
	Is there concern that the target condition as defined by the reference standard does not match the review question?
	Concern: Low/High/Unclear


DOMAIN 4: FLOW AND TIMING

A. Risk of Bias


Describe any patients who did not receive the index test(s) and/or reference standard or who were excluded from the 2x2 table (refer to flow diagram):

Describe the time interval and any interventions between index test(s) and reference standard:
	 Was there an appropriate interval between index test(s)
Yes/No/Unclear

and reference standard?

 Did all patients receive a reference standard?
Yes/No/Unclear

 Did patients receive the same reference standard?
Yes/No/Unclear

 Were all patients included in the analysis?
	Yes/No/Unclear

Yes/No/Unclear

Yes/No/Unclear

Yes/No/Unclear

	
	

	Could the patient flow have introduced bias?


	Risk: Low/High/Unclear


Appendix 3: Methodological quality of included studies according to the STROBE criteria
[image: image1.emf]Item 

no.

Zhenhui Duan et al 2018

Malhotra et al 2018

Guo et al 2016

Maestrini et al 2015

Pikija et al 2018

Goyal et al 2018

Sheng-Feng Lin et al 2019 

Ruiwen Che et al 2017

Neringa Jucevičiūtė et al.2019

Montaner et al. 2001 Montaner et al. 2003

Eman El-Banhawy et al 2014 

Radoslaw Kazmierski et al 2012

Yuan et al 2018

Molnar et al 2018

Castellanos et al 2007 Castellanos et al 2003 Castellanos et al 2004 Castellanos et al 2018

Ribo et al 2004

Foerch et al 2007

Choi et al 2012

Millan et al 2008 

Navarro-Sobrino 2011

Xing et al 2014

Hernandez-Guillamon et al 2010

Matosevic et al 2013

Wolcott et al 2017

Mechtouff et al 2020

Switonska et al 2020

Total:

1 23

2 30

3 27

4 27

5 25

6 29

7 25

8 26

9 17

10 16

11 27

12 30

13 28

14 30

15 30

16 30

17 19

18 29

19 27

20 28

21 5

22 20

18 16 18 19 16 15 17 18 19 17 17 14 19 19 18 20 21 16 21 20 20 19 17 20 19 20 20 19 19 17

Marked as “Yes” on STROBE-checklist

Marked as “No” on STROBE-checklist

Marked as “Unclear” on STROBE-checklist

Limitations

Interpretation

Generalisability

Other Information

Funding

Items checked:

Descriptive data

Outcome data

Main results

Other analysis

Discussion

Key results

Bias

Study size

Quantitative variables

Statistical methods

Results

Participants

Methods

Study design

Setting

Participants

Variables

Data sources

Title /
Abstract

Introduction

Background

Objectives


Supplementary Figure 1. Funnel plots for estimating the publication bias in the included studies with (a) standard error and (b) sample size as predictors
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 Studies included: MMP-9 - 7; c-Fn - 2; Ferritin - 2; S100B - 2; NLR - 5. 

Supplementary Table 1. The pooled Diagnostic odds ratio, sensitivity and false positivity rates of the meta-analyzed biomarkers

	Marker
	Number of studies
	DOR (univariate)
	Sensitivity (bivariate)
	FPR (bivariate)
	AUC

	MMP-9 for sHT
	7
	29.571 

(17.750, 49.267)
	0.849
	0.180
	0.881

	c-FN for sHT
	2
	299.253 

(20.508,4366.709)
	0.982
	0.153
	0.972

	Ferritin for sHT
	2
	24.032 (2.557, 225.871)
	0.802
	0.140
	0.87

	S100B for sHT
	2
	6.286 (1.861, 21.230)
	0.782
	0.329
	0.766

	NLR for sICH
	5
	5.036 

(2.898, 8.749)
	0.672
	0.284
	0.751


DOR: Diagnostic Odds ratio; FPR: False positivity ratio; AUC: Area under the SROC curve MMP-9: matrix metalloproteinase-9; c-Fn: cellular-fibronectin; NLR: neutrophil-lymphocyte ratio; s100B: S100 Calcium-binding protein B
Information sources 

MEDLINE search:

	S No.
	Search string 
	Date
	Filters used
	Search results
	Articles assessed for eligibility

	1
	(cerebral or brain or Intracranial or intracerebral or cerebrum or brain stem or cerebellum or cerebellar or hemispher* or cephalo*) and (infarction or ischemia or stroke or apoplexy or thrombosis or embolism)
	10 June 2020
	Custom filter: 2000-2020
	176,542 results
	1072

	2
	(carotid artery or cerebral vascular or cerebrovascular or vertebrobasilar or cerebral or Intracranial or intracerebral or cerebellar or lacunar or circulation or basilar artery or vertebral artery) and (disease or accident or obstruct or occlus* or hypoxi* )
	10 June 2020
	Custom filter: 2000-2020
	653,307 results
	1029

	3
	cardioembolic stroke or stroke patient or stroke unit or mca*or aca* or pca* or lacunar infarction
	10 June 2020
	Custom filter: 2000-2020
	221,170 results
	503

	5
	("Thrombolytic Therapy"[Mesh]) AND "Biomarkers/blood"[Mesh]
	28 June 2020
	Custom filter: 2000-2020
	227 results
	133

	6
	("Intracranial Hemorrhages/blood"[Mesh]) AND "Biomarkers"[Mesh]
	28 June 2020
	Custom filter: 2000-2020
	333 results
	100

	7
	MMP-9 or matrix metalloproteinase 9 or MMP 9 Metalloproteinase or Metalloproteinase or 92 kDa Type IV Collagenase or 92 kDa Gelatinase or Gelatinase B
	08 august 2020
	Custom filter: 2000-2020
	146,918 results
	57

	8
	· ("Neutrophils"[Mesh]) AND "Intracranial Hemorrhages/blood"[Mesh]
	08 august 2020
	Custom filter: 2000-2020
	37 results
	9

	9
	· ("Intracranial Hemorrhages"[Mesh]) AND "S100 Calcium Binding Protein beta Subunit"[Mesh]
	08 august 2020
	Custom filter: 2000-2020
	80 results
	2

	10.
	· ("Intracranial Hemorrhages"[Mesh]) AND ( "Tight Junctions"[Mesh] OR "Tight Junction Proteins"[Mesh] )
	12 august 2020
	Custom filter: 2000-2020
	80 results
	1

	11.
	("Intracranial Hemorrhages"[Mesh]) AND "Biomarkers"[Mesh]
	12 august 2020
	Custom filter: 2000-2020
	1,165 results
	50

	12.
	(((((((((((((((((((((((((((("intracranial hemorrhage"[MeSH Terms]) OR hemorrhagic transformation) OR symptomatic hemorrhagic transformation) OR asymptomatic hemorrhagic transformation) OR symptomatic intracranial cerebral hemorrhage) OR symptomatic hemorrhage) OR hemorrhage following intravenous thrombolysis) OR cerebral hemorrhage)) AND "biomarkers"[MeSH Terms]) OR biological markers) AND markers) AND serum markers)) OR "biochemical markers"[MeSH Terms]) OR circulating biomarkers) OR "mmp 9"[MeSH Terms]) OR s100B) OR clinical markers) OR "st2") OR "gfap"[MeSH Terms]) OR neutrophil to leukocyte ratio) OR "interleukin 17"[MeSH Terms]) OR "interleukin 6"[MeSH Terms]) OR fibrinogen degradation products) OR "fibronectin"[MeSH Terms]) OR cytokines) OR chemokines) OR adhesion protein
	12 august 2020
	Custom filter: 2000-2020
	1,462,806 results
	23

	13.
	((((((("Intracranial Hemorrhages"[Mesh]) AND ("Matrix Metalloproteinase 9"[Mesh]) OR "S100 Calcium Binding Protein beta Subunit"[Mesh]) OR "Neutrophils/metabolism"[Mesh]) OR "Fibronectins"[Mesh]) OR "Interleukins"[Mesh]) OR "Fibrin Fibrinogen Degradation Products"[Mesh]) OR "Cytokines"[Mesh]) AND "Biomarkers"[Mesh]
	12 august 2020
	Custom filter: 2000-2020
	75,332 results
	54

	14.
	((((((("Intracranial Hemorrhages"[Mesh]) AND ("Matrix Metalloproteinase 9"[Mesh]) OR "S100 Calcium Binding Protein beta Subunit"[Mesh]) OR "Neutrophils/metabolism"[Mesh]) OR "Fibronectins"[Mesh]) OR "Interleukins"[Mesh]) OR "Fibrin Fibrinogen Degradation Products"[Mesh]) OR "Cytokines"[Mesh]) AND "Biomarkers"[Mesh] AND "stroke"
	12 august 2020
	Custom filter: 2000-2020
	1,308 results
	95

	15.
	(((("Intracranial Hemorrhages/blood"[Mesh]) AND "Matrix Metalloproteinase 9/blood"[Mesh])) OR "pro-matrix metalloproteinase 9" [Supplementary Concept]) AND "Biomarkers/blood"[Mesh]
	20-august 2020
	Custom filter: 2000-2020
	18 results
	2

	16.
	(("Intracranial Hemorrhages"[Mesh]) AND "Matrix Metalloproteinase 9"[Mesh]) AND "Biomarkers/blood"[Mesh]
	20-august 2020
	Custom filter: 2000-2020
	27 results
	3

	17.
	(("Intracranial Hemorrhages"[Mesh]) AND "Biomarkers"[Mesh]) AND "S100 Calcium Binding Protein beta Subunit"[Mesh]
	20-august 2020
	Custom filter: 2000-2020
	52 results
	2

	18.
	(("Intracranial Hemorrhages"[Mesh]) AND "Biomarkers"[Mesh]) AND "Neutrophils"[Mesh]
	
	Custom filter: 2000-2020
	18 results
	-


Web of Science

	S No.
	Search string 
	Date
	Filters used
	Search results
	Articles assessed for eligibility

	1.
	TS=(Intracranial Hemorrhage*  AND  Stroke  AND  Biomarkers) 
	14-08-2020
	Indexes=SCI-EXPANDED, CPCI-S, CPCI-SSH, CCR-EXPANDED, IC Timespan=10 years
	56
	2

	2. 
	TS=(Hemorrhagic Transformation  AND  Stroke  AND  Biomarkers) 
	14-08-2020
	Refined by: DOCUMENT TYPES: (ARTICLE OR EARLY ACCESS)

Timespan: 10 years. Indexes: SCI-EXPANDED, CPCI-S, CPCI-SSH, CCR-EXPANDED, IC.
	50
	-


13

