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1. Search Strategy: 
 
MEDLINE/PubMed:  
(("stroke" OR "ischemic stroke" OR "acute ischemic stroke" OR "AIS")  

AND  

("thrombus" OR "thrombi" OR "clot" OR "clots"))  

AND  

("thrombectomy" OR "endovascular" OR "clot retrieval" OR "mechanical thrombectomy" 

OR "EVT") 

OR ("histology" OR "composition" OR "morphology")  

Filters applied: Full text, Clinical Study, Clinical Trial, Clinical Trial Protocol, Clinical 

Trial, Phase I, Clinical Trial, Phase II, Clinical Trial, Phase III, Clinical Trial, Phase IV, 

Comparative Study, Controlled Clinical Trial, Dataset, Evaluation Study, Meta-Analysis, 

Multicenter Study, Observational Study, Pragmatic Clinical Trial, Randomized 

Controlled Trial, Review, Systematic Review, Validation Study, Humans, English, Adult: 

19+ years 

 

Google Scholar:  
allintitle: ("stroke" OR "ischemic stroke" OR "acute ischemic stroke" OR "AIS" AND 

("thrombus" OR "thrombi" OR "clot" OR "clots")  

thrombectomy OR endovascular OR "clot retrieval" OR "mechanical thrombectomy" OR 

EVT OR histology OR composition 

without: (“animal study”) 
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2. PRISMA-2020 Checklist 

Section and 
Topic  

Item 
# Checklist item  

Location 
where item is 

reported  
TITLE   
Title  1 Identify the report as a systematic review. 1 
ABSTRACT   
Abstract  2 See the PRISMA 2020 for Abstracts 

checklist. 
3 

INTRODUCTION   
Rationale  3 Describe the rationale for the review in the 

context of existing knowledge. 
4 

Objectives  4 Provide an explicit statement of the 
objective(s) or question(s) the review 
addresses. 

5 

METHODS   
Eligibility 
criteria  

5 Specify the inclusion and exclusion criteria 
for the review and how studies were 
grouped for the syntheses. 

5-6 

Information 
sources  

6 Specify all databases, registers, websites, 
organisations, reference lists and other 
sources searched or consulted to identify 
studies. Specify the date when each source 
was last searched or consulted. 

5 

Search 
strategy 

7 Present the full search strategies for all 
databases, registers and websites, including 
any filters and limits used. 

5, 
supplementary 

information 
Selection 
process 

8 Specify the methods used to decide 
whether a study met the inclusion criteria of 
the review, including how many reviewers 
screened each record and each report 
retrieved, whether they worked 
independently, and if applicable, details of 
automation tools used in the process. 

6 

Data collection 
process  

9 Specify the methods used to collect data 
from reports, including how many reviewers 
collected data from each report, whether 
they worked independently, any processes 
for obtaining or confirming data from study 
investigators, and if applicable, details of 
automation tools used in the process. 

6 

Data items  10a List and define all outcomes for which data 
were sought. Specify whether all results that 
were compatible with each outcome domain 
in each study were sought (e.g. for all 

6 
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measures, time points, analyses), and if not, 
the methods used to decide which results to 
collect. 

10b List and define all other variables for which 
data were sought (e.g. participant and 
intervention characteristics, funding 
sources). Describe any assumptions made 
about any missing or unclear information. 

6 

Study risk of 
bias 
assessment 

11 Specify the methods used to assess risk of 
bias in the included studies, including 
details of the tool(s) used, how many 
reviewers assessed each study and 
whether they worked independently, and if 
applicable, details of automation tools used 
in the process. 

6-7 

Effect 
measures  

12 Specify for each outcome the effect 
measure(s) (e.g. risk ratio, mean difference) 
used in the synthesis or presentation of 
results. 

7 

Synthesis 
methods 

13a Describe the processes used to decide 
which studies were eligible for each 
synthesis (e.g. tabulating the study 
intervention characteristics and comparing 
against the planned groups for each 
synthesis (item #5)). 

6 

13b Describe any methods required to prepare 
the data for presentation or synthesis, such 
as handling of missing summary statistics, 
or data conversions. 

7 

13c Describe any methods used to tabulate or 
visually display results of individual studies 
and syntheses. 

6 

13d Describe any methods used to synthesize 
results and provide a rationale for the 
choice(s). If meta-analysis was performed, 
describe the model(s), method(s) to identify 
the presence and extent of statistical 
heterogeneity, and software package(s) 
used. 

7 

13e Describe any methods used to explore 
possible causes of heterogeneity among 
study results (e.g. subgroup analysis, meta-
regression). 

7 

13f Describe any sensitivity analyses conducted 
to assess robustness of the synthesized 
results. 

7 
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Reporting bias 
assessment 

14 Describe any methods used to assess risk 
of bias due to missing results in a synthesis 
(arising from reporting biases). 

NA 

Certainty 
assessment 

15 Describe any methods used to assess 
certainty (or confidence) in the body of 
evidence for an outcome. 

7 

RESULTS   
Study 
selection  

16a Describe the results of the search and 
selection process, from the number of 
records identified in the search to the 
number of studies included in the review, 
ideally using a flow diagram. 

7, 40 

16b Cite studies that might appear to meet the 
inclusion criteria, but which were excluded, 
and explain why they were excluded. 

Supplementary 
Information 

Study 
characteristics  

17 Cite each included study and present its 
characteristics. 

8, 31 

Risk of bias in 
studies  

18 Present assessments of risk of bias for each 
included study. 

Supplementary 
Information 

Results of 
individual 
studies  

19 For all outcomes, present, for each study: 
(a) summary statistics for each group 
(where appropriate) and (b) an effect 
estimate and its precision (e.g. 
confidence/credible interval), ideally using 
structured tables or plots. 

8-14, 
Supplementary 

information 

Results of 
syntheses 

20a For each synthesis, briefly summarise the 
characteristics and risk of bias among 
contributing studies. 

8-14,  
supplementary 

information 
20b Present results of all statistical syntheses 

conducted. If meta-analysis was done, 
present for each the summary estimate and 
its precision (e.g. confidence/credible 
interval) and measures of statistical 
heterogeneity. If comparing groups, 
describe the direction of the effect. 

8-14 

20c Present results of all investigations of 
possible causes of heterogeneity among 
study results. 

NA 

20d Present results of all sensitivity analyses 
conducted to assess the robustness of the 
synthesized results. 

Supplementary 
Information 

Reporting 
biases 

21 Present assessments of risk of bias due to 
missing results (arising from reporting 
biases) for each synthesis assessed. 

NA 
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Certainty of 
evidence  

22 Present assessments of certainty (or 
confidence) in the body of evidence for each 
outcome assessed. 

8-14 

DISCUSSION   
Discussion  23a Provide a general interpretation of the 

results in the context of other evidence. 
15-17 

23b Discuss any limitations of the evidence 
included in the review. 

18 

23c Discuss any limitations of the review 
processes used. 

18 

23d Discuss implications of the results for 
practice, policy, and future research. 

19 

OTHER INFORMATION  
Registration 
and protocol 

24a Provide registration information for the 
review, including register name and 
registration number, or state that the review 
was not registered. 

NA 

24b Indicate where the review protocol can be 
accessed, or state that a protocol was not 
prepared. 

NA 

24c Describe and explain any amendments to 
information provided at registration or in the 
protocol. 

NA 

Support 25 Describe sources of financial or non-
financial support for the review, and the role 
of the funders or sponsors in the review. 

20 

Competing 
interests 

26 Declare any competing interests of review 
authors. 

20 

Availability of 
data, code and 
other materials 

27 Report which of the following are publicly 
available and where they can be found: 
template data collection forms; data 
extracted from included studies; data used 
for all analyses; analytic code; any other 
materials used in the review. 

20 

 
From: [1] Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et 
al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. 
BMJ 2021;372:n71. doi: 10.1136/bmj.n71 
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3. Supplementary Figures 
 
3a. Supplementary SI Figure S1. Influence of a single study in meta-analysis 
estimation: Clot Composition and Bridging Thrombolysis  
 

 
 
A: Red Blood Cell (RBC) Content and Bridging thrombolysis 
B: Fibrin Content and Bridging Thrombolysis
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3b. Supplementary SI Figure S2. Influence of a single study in meta-analysis 
estimation: RBC and Aetiology 

 
A: Non-cardioembolic vs Cardioembolic Stroke 

B: Large artery atherosclerosis (LAA) vs Cardioembolic Stroke 

C: Cryptogenic vs Non-cardioembolic stroke 

D: Cryptogenic vs LAA stroke 
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3c. Supplementary SI Figure S3. Influence of a single study in meta-analysis 
estimation: Fibrin and Aetiology  

 
 
A: Cardioembolic vs non-cardioembolic stroke 

B: Cardioembolic vs Large artery atherosclerosis (LAA)  stroke 

C: Cryptogenic vs non-cardioembolic stroke 

D: Cryptogenic vs LAA Stroke   
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3d. Supplementary SI Figure S4. Influence of a single study in meta-analysis 
estimation: Platelet and Aetiology  

 
 
A: Cardioembolic vs Large artery atherosclerosis (LAA) Stroke 

B: Cryptogenic vs LAA Stroke  
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3e. Supplementary SI Figure S5. Influence of a single study in meta-analysis 
estimation: WBC and Aetiology  

 
 
A: Cardioembolic vs Large artery atherosclerosis (LAA) Stroke 

B: Cryptogenic vs LAA Stroke  
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3f. Supplementary SI Figure S6. Influence of a single study in meta-analysis 
estimation: RBC and TICI Score 
 

 
Abbreviations: CI: Confidence Interval, RBC: Red Blood Cell, TICI: Thrombolysis in Cerebral 
Infarction Scale 
 
3g. Supplementary SI Figure S7. Influence of a single study in meta-analysis 
estimation: RBC and HMCAS  

  
Abbreviations: CI: Confidence Interval, RBC: Red Blood Cell, HMCAS: Hyperdense Middle 
Cerebral Artery Sign 
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4. Supplementary Tables 
4a. SI Table S1. Modified Jadad Analysis for Methodological Quality  

Study 
ID Study Criteria 

1 
Criteria 

2 
Criteria 

3 
Criteria 

4 
Criteria 

5 
Criteria 

6 
Criteria 

7 
Criteria 

8 Total 
Publica

tion 
Bias 

1 Ahn et al 
(2016)[2]         5 0 

2 Boeckh-
Behrens 
et al 
(2016a) 
[3] 

        5 0 

3 Hashimot
o et al 
(2016) 
[4] 

        5 0 

4 Maekaw
a et al 
(2018) 
[5] 

        5 0 

5 Boeckh-
Behrens 
et al 
(2016a) 
[6] 

        5 0 

6 Duffy et 
al (2019) 
[7] 

        3 1 

7 Fitzgeral
d et al         2 1 
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(2019b) 
[8] 

8 Funatsu 
et al 
(2019) 
[9] 

        4 0 

9 Goebel 
et al 
(2020) 
[10] 

        2 1 

10 Khismatu
llin et al 
(2020) 
[11] 

        1 0 

11 Kim et al 
(2015) 
[12] 

        5 0 

12 Shin et al 
(2018) 
[13]  

        3 0 

13 Sporns 
et al 
(2017a) 
[14] 

        5 0 

14 Sporns 
et al 
(2017b) 
[15] 

        4 0 

15 Ye et al 
(2021) 
[16] 

        3 0 
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16 Essig et 
al (2020) 
[17] 

        2 1 

17 Kim et al 
(2020) 
[18] 

        4 0 

18 Liao et al 
(2020) 
[19] 

        5 0 

19 Niesten 
et al 
(2014) 
[20] 

        4 0 

20 Liebeskin
d et al 
(2011) 
[21] 

        4 1 

21 Rossi et 
al (2021) 
[22] 

        2 0 

 
Criteria 1 = Was the study randomised? 
Criteria 2 = Was the method of randomisation appropriate? (not specified = 0) 
Criteria 3 = Was the study described as being blinded? 
Criteria 4 = Was the method of blinding appropriate? 
Criteria 5 = Was there a description of withdrawals and dropouts? 
Criteria 6 = Was there a clear description of the inclusion/exclusion criteria?  
Criteria 7 = Was the method used to assess adverse events described? 
Criteria 8 = Was the method of statistical analysis described? 
Publication Bias (0 = no grants, 1: any conflicts of interest declared relating to industry funding outside of the current research publication; 2: if 
the study had industry funding) 
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4b. SI Table S2. Baseline Characteristics of Studies For Systematic Review and Reason For Exclusion From Meta-analysis 

Study Desig
n 

No. of 
Centre
s 

Cohort size Mean 
Age 
(SD) 

Male, 
n (%) 

Histological 
Staining 
Method(s) 

Thrombectom
y Device(s) 

TICI 2b-3, 
n (%) 

HMCAS +, 
n (%) 

IVT, 
n (%) 

RBC% 
Mean 
(SD) 

TOAST, n Reason for 
Exclusion 

1 2 4 5 

Gong et 
al (2019) 
[23] 

Retros
pectiv
e 
Cohort 

1 45   H&E Solitaire AB 
stent retriever 

   69 (*) 9 36   Data was 
unextractabl
e 

Simons et 
al (2015) 
[24] 

Prosp
ective 
Cohort 

1 40 65.6 
(12.9) 

27 
(68)) 

H&E, CD34 Solitaire FR 
Revascularizat
ion Device 

 29/39a (28) 28 
(70) 

 19 b 21   Clots 
categorised 
as RBC-rich 
or poor 
rather than 
continuous 
data 

Douglas 
et al 
(2020) 
[25] 

Retros
pectiv
e 
Cohort 

1 63   MSB, 
CD42b, vWF 

 59 (94)  28 
(44) 

39.2 
(*) 

9 20 2 32 Data was 
unextractabl
e 

Prochazk
a et al 
(2018) 
[26] 

Prosp
ective 
Cohort 

1 131  69 
(53) 

H&E, vWF, 
CD31, 
CD15, 
Carstairs 

Penumbra 
aspiration 
device, 
Solitaire SR, 
Catch SR, 
pRESET SR 

  101 
(77) 

     Data was 
unextractabl
e 
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Singh et 
al (2013) 
[27] 

Retros
pectiv
e 
Cohort 

1 48 67 
(43-
91) c 

29 
(60) 

H&E, 
Prussian 
Blue, EVG, 
Kossa, 
Periodic 
acid-Schiff 
reaction, 
CD34 

Solitaire FR, 
Aperio device 

35 (73)        Data was 
unextractabl
e 

Fitzgerald 
et al 
(2019b) 
[28] 

Retros
pectiv
e 
Cohort 

2 50 67 
(20-
91)c 

28 
(56) 

H&E  49 (98)  23 
(46) 

 11 30 5 4 Data was 
unextractabl
e 

Fitzgerald 
et al 
(2019c) 
[29] 

Retros
pectiv
e 
Cohort 

>1 85   H&E, MSB   82 (96) 43 
(51) 

 19 44 9 13 SDs were 
not reported 

Horie et 
al (2019) 
[30] 

Retros
pectiv
e 
Cohort 

1 75  31 
(41) 

H&E Penumbra 
suction 
catheter 
ADAPT, 
Solitaire SR, 
Trevo SR, 
BGC 

51 (68)  22 
(29) 

 21b 54   Data was 
unextractabl
e 

Kaesmac
her et al 
(2017) 
[31] 

Retros
pectiv
e 
Cohort 

1 85 70.2 
(14.6) 

40 
(47) 

H&E, 
neutrophil 
elastase 

Solitaire, 
Trevo, Revive, 
Pulse, pREset 
4 –20 

 57 (67) 58 
(68) 

37 (*)     Data was 
unextractabl
e 

 
Abbreviations: TICI: Thrombolysis In Cerebral Infarction, HMCAS: Hyperdense Middle Cerebral Artery Sign, IVT: Intravenous Thrombolysis, 

RBC: Red Blood Cell, TOAST: Trial of Org 10172 in Acute Stroke Treatment, H&E: Haematoxylin and Eosin, MSB: Martius Scarlet Blue, 

vWF: von Willebrand Factor, EVG: Elastica van Gieson 
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*Unavailable 
a Data was not available for all patients 
b Number of non-cardioembolic thrombi reported  
c Age reported as median (range) where mean (SD) was not available 

 
 

4c. Supplementary SI Table S3. Egger’s test for publication bias assessment of the included studies 

Meta-
Analysis 

Slope Bias Test of H0: 
no small-study 

effects 

Publication 
Bias 

Coefficient     
(95% CI) 

Standard 
Error 

Coefficient 
(95%CI) 

Standard 
Error 

P-value Yes/No 

RBC 
Aetiology 
(non-CE vs 
CE) 

0.92 

(-0.64 – 2.49) 

0.66 1.46 

(-0.20 – 3.11) 

0.70 0.076 Yes 

RBC 
Aetiology 
(LAA vs CE) 

1.76 

(0.03 – 3.49) 

0.75 2.46 

(0.35 – 4.56) 

0.91 0.028 No 

Fibrin 
Aetiology 
(CE vs non-
CE) 

0.57 

(-0.12 – 1.02) 

0.17 0.92  

(0.43 – 1.42) 

0.19 0.005 No 
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Fibrin 
Aetiology 
(CE vs LAA)  

0.92 

(-0.27 – 2.11) 

0.49 1.27  

(-0.15 – 1.22) 

0.58 0.071 Yes 

Platelet 
Aetiology 

0.01 

(-3.93 – 3.94) 

1.42 0.99 

(-3.32 – 5.30) 

1.55 0.558 Yes 

WBC 
Aetiology 

1.03 

(-1.83 – 3.89) 

1.17 2.83 

(-1.83 – 3.89) 

1.51 0.110 Yes 

RBC 
Cryptogenic 
vs non-CE 

1.00 

(-0.44 – 2.44) 

0.56 1.93 

(-0.15 – 3.87) 

0.75 

 

0.051 Yes 

RBC 
Cryptogenic 
vs LAA 

1.17 

(-0.12 – 2.46) 

0.56 2.33  

(0.25 – 4.40) 

0.90 0.032 No 

Fibrin 
Cryptogenic 
vs non-CE 

-0.21 

(-2.51 – 2.09) 

0.83 0.53  

(-2.41 – 3.47) 

1.06 0.643 Yes 

Fibrin 
Cryptogenic 
vs LAA 

-0.55 

(-3.51 – 2.41) 

1.15 0.35 

(-4.10 – 4.80) 

1.73 0.846 Yes 

Platelet 
Cryptogenic 

1.14 

(0.11 – 2.19) 

0.37 1.88 

(0.24 – 3.51) 

0.59 0.034 No 
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WBC 
Cryptogenic 

-0.59 

(-3.69 – 2.51) 

1.27 1.09 

(-3.87  – 2.51) 

2.03 0.611 Yes 

RBC 
TICI 

-1.79 

(-6.81 – 3.23) 

1.58 -0.71  

(-5.52 – 4.09) 

1.51 0.669 Yes 

RBC 
HMCAS 

-0.98  

(-4.10 – 
04.75) 

0.98 -0.84 

(-4.75 – 3.07) 

1.23 0.543 Yes 

RBC IVT 1.82 

(-6.35 – 9.98) 

1.90 2.77  

(-3.34 – 8.88) 

1.95 0.191 Yes 

Fibrin 
IVT 

-0.74 

(-8.60 – 7.12) 

1.83 0.73 

(-5.15 – 6.62) 

1.37 0.645 Yes 

Abbreviations: RBC = red blood cell, CE = cardioembolic, LAA = large artery atherosclerosis, TICI = thrombolysis in cerebral 

infarction, HMCAS = hyperdense middle cerebral artery sign, IVT = intravenous thrombolysis.  
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4d. SI Table S4. Summary Effects of meta-analysis 
 

Outcome Groups Summary Effects Test of Overall 
Effect 

Heterogeneity and Variance Estimates 

Cochran’s Q I2 (%) p-value tau2 

RBC 
Content 

Non-CE vs 
CE 

SMD = 0.184; 95% CI, -0.191 – 0.558 z = 1.425, p = 0.154 28.10 71.5 <0.001 0.2135 

LAA vs CE SMD = 0.368; 95% CI, -0.138 – 0.874 z = 0.961, p = 0.337 45.02 80.0 <0.001 0.5067 

Cryptogenic 
vs non-CE 

SMD = -0.232; 95% CI, -0.651 – 0.188 z = -1.081, p = 
0.280 

13.39 55.2 0.037 0.1615 

Cryptogenic 
vs LAA 

SMD = -0.336; 95% CI, -0.738 – 0.065 z = -1.644, p = 
0.100 

19.85 54.7 0.019 0.2133 

TICI2b-3 vs 
TICI0-2a 

SMD= 0.450; 95% CI, 0.177 – 0.722 z = 3.237, p = 0.001 1.20 <0.1 0 878 <0.0001 

HMCAS+ vs 
HMCAS- 

SMD = 0.827; 95% CI, 0.472 – 1.183 z = 4.564, p <0.001 1.28 <0.1 0.865 <0.0001 

IVT+ vs IVT- SMD = 0.138; 95% CI, -0.109 – 0.385 z = 1.093, p = 0.274 4.45 32.6 0.217 0.0234 

Fibrin 
Content 

CE vs non-
CE 

SMD = 0.388; 95% CI, 0.032 – 0.745 z = 2.135, p = 0.033 13.63 56.0 0.034 0.1169 

CE vs LAA SMD = 0.552; 95% CI, 0.099 – 1.004 z = 2.388, p = 0.017 21.84 67.9 0.003 0.2749 
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Cryptogenic 
vs non-CE 

SMD = 0.468; 95% CI, 0.172 – 0.765 z = 3.097, p = 0.002 5.78 13.4 0.329 0.0194 

Cryptogenic 
vs LAA 

SMD = 0.455; 95% CI, 0.137 – 0.774 z = 2.805, p = 0.005 6.03 0.5 0.420 0.0009 

IVT+ vs IVT- SMD = -0.109; 95% CI, -0.403 – 0.186 z = -0.723, p = 
0.470 

5.60 46.5 0.133 0.0421 

Platelet 
Content 

CE vs LAA SMD = 0.168; 95% CI, -0.360 – 0.696 z = 0.623, p = 533 18.44 72.9 0.002 0.3034 

Cryptogenic 
vs LAA 

SMD = -0.001; 95% CI, -0.669 – 0.666 z = -0.004, p = -.997 17.67 71.7 0.003 0.4765 

WBC 
Content 

CE vs LAA SMD= -0.028; 95% CI, -0.394 – 0.338 z = -0.148, p = 
0.882 

13.51 48.2 0.061 0.1266 

Cryptogenic 
vs LAA 

SMD = 0.227; 95% CI, -0.057 – 0.511 z = 1.568, p = 0.117 6.33 <0.1 0.502 <0.0001 

 
 
Abbreviations: RBC: Red Blood Cell, CE: Cardioembolic, Non-CE: Non-cardioembolic, LAA: Large Artery Atherosclerosis, TICI: 
Thrombolysis in Cerebral Infarction, HMCAS: Hyperdense Middle Cerebral Artery Sign, IVT: Intravenous Thrombolysis, WBC: 
White Blood Cell,  SMD = Standard Mean Difference, CI = Confidence Interval 
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