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ABSTRACT

Background and purpose Studying the imaging and
histopathologic characteristics of thrombi in ischemic
stroke could provide insights into stroke etiology and
ideal treatment strategies. We conducted a systematic
review of imaging and histologic characteristics of
thrombi in acute ischemic stroke.

Materials and methods We identified all studies
published between January 2005 and December 2015
that reported findings related to histologic and/or
imaging characteristics of thrombi in acute ischemic
stroke secondary to large vessel occlusion. The five
outcomes examined in this study were (1) association
between histologic composition of thrombi and stroke
etiology; (2) association between histologic composition
of thrombi and angiographic outcomes; (3) association
between thrombi imaging and histologic characteristics;
(4) association between thrombi imaging characteristics
and angiographic outcomes; and (5) association
between imaging characteristics of thrombi and stroke
etiology. A meta-analysis was performed using a random
effects model.

Results There was no significant difference in the
proportion of red blood cell (RBC)-rich thrombi between
cardioembolic and large artery atherosclerosis etiologies
(OR 1.62, 95% Cl 0.1 to 28.0, p=0.63). Patients with a
hyperdense artery sign had a higher odds of having
RBC-rich thrombi than those without a hyperdense
artery sign (OR 9.0, 95% Cl 2.6 to 31.2, p<0.01).
Patients with a good angiographic outcome had a mean
thrombus Hounsfield unit (HU) of 55.1+3.1 compared
with a mean HU of 48.4+1.9 for patients with a poor
angiographic outcome (mean standard difference 6.5,
95% Cl 2.7 to 10.2, p<0.001). There was no
association between imaging characteristics and stroke
etiology (OR 1.13, 95% CI 0.32 to 4.00, p=0.85).
Conclusions The hyperdense artery sign is associated
with RBC-rich thrombi and improved recanalization rates.
However, there was no association between the
histopathological characteristics of thrombi and stroke
etiology and angiographic outcomes.

INTRODUCTION

Prior studies have suggested that studying thrombus
composition can provide insights into stroke eti-
ology, predict recanalization success following both
intravenous  thrombolysis  and  mechanical

thrombectomy, and assist in the development of
new technologies aimed at retrieving specific types
of thrombi.'™ In fact, recently published in vitro
studies have suggested that clot composition can
affect the ideal choice of techniques used during
clot retriever and does, in fact, play a role in
device/clot interaction.” ® Because stent-retriever
and aspiration thrombectomy technologies which
allow us to retrieve and study fresh thrombi in
patients with acute stroke have only recently been
developed, the current body of literature on the
association between imaging and histopathological
characteristics of clot and their association with
recanalization outcomes and stroke etiology is pri-
marily limited to small single-center case series.
Because of this, it is difficult to make any definitive
conclusions regarding the importance of imaging
and histopathological characteristics of thrombi and
outcomes and etiology of acute stroke.

In order to update the neurointerventional com-
munity on the current status of thrombus research
in acute ischemic stroke secondary to large vessel
occlusion, we conducted a systematic review and
meta-analysis of research on thrombi in acute ische-
mic stroke aimed at studying the following five out-
comes: (1) the association between histologic
composition of thrombi and stroke etiology; (2) the
association between thrombus histologic compos-
ition and angiographic outcomes; (3) the associ-
ation between imaging and histologic characteristics
of thrombi in stroke; (4) the association between
imaging characteristics of thrombi and angiographic
outcomes; and (5) the association between imaging
characteristics of thrombi and stroke etiology.

MATERIALS AND METHODS

Literature search

We identified all studies published between January
2005 and December 2015 that reported findings
related to the histologic and/or imaging character-
istics of thrombi in patients with acute ischemic
stroke secondary to large vessel occlusion. A com-
prehensive literature search of the databases
PubMed, Ovid MEDLINE and Ovid EMBASE was
designed and conducted by a librarian with
30 years of experience in systematic reviews and
meta-analysis with input from the authors. The
keywords clot, thrombus, embolus, stroke, ischemic
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Ischemic stroke

stroke, large vessel occlusion, mechanical thrombectomy, CT,
MRI, pathology and histology were used in both AND’ and
‘OR’ combinations. Studies were selected using the following
inclusion criteria: (1) patients with large vessel occlusion; (2)
either imaging or histologic characteristics of clots in acute
stroke patients were reported; (3) the study examined at least
one of the five outcomes listed above; (4) retrospective or pro-
spective articles or conference abstracts with at least five
patients; and (5) published in English or an English translation
was available. Abstracts had to clearly report results such as
number of patients, means and SDs for continuous variables,
proportions for continuous variables or provide content in table
form. Large vessel occlusion was defined as occlusion of the ver-
tebral, basilar carotid terminus, middle and anterior cerebral
arteries as determined by MR angiography, CT angiography or
digital subtraction angiography. Exclusion criteria were the fol-
lowing: (1) studies which did not report large vessel occlusion
patients or did not stratify results by large and small vessel
occlusion; (2) studies which did not report imaging or histologic
characteristics of stroke, or reported outcomes in the subacute
phase; (3) autopsy studies; and (4) studies with <5 patients. For
the systematic review and meta-analysis examining the associ-
ation of imaging characteristics of thrombi and angiographic
outcomes, studies which only reported outcomes of intravenous
tissue plasminogen activator (IV-tPA) were excluded.

Two authors independently searched the database and
selected potentially relevant articles based on the title and
abstract and obtained the full text for detailed review. We
searched the reference lists of retrieved articles and published
review articles for additional studies. We also screened duplicate
publications that drew on the same datasets (ie, data overlapped
with that in other included studies). In cases of duplication or
overlapping patient populations, only the publication with the
most complete data was included. Data overlap was determined
if the patients included in two different studies were from the
same institution and overlapping time periods. The most com-
plete set of data was defined as the set of data with the largest
number of patients or most amount of detail in terms of results
reporting. We contacted authors of some studies to request
incomplete or unpublished data.

Outcomes

We studied five different outcomes in this study. First, we
studied the association between the histologic composition of
thrombi (ie, red blood cell (RBC) content and fibrin content)
and stroke etiology. Stroke etiology was generally defined as
large artery atherosclerosis or cardioembolic. The second
outcome studied was the association between the histologic
composition of thrombi and recanalization outcomes. For this,
histologic composition was defined by the RBC and fibrin
content. Recanalization outcomes were defined as good if the
Thrombolysis In Myocardial Infarction (TIMI) score was >2 or
if the Thrombolysis In Cerebral Infarction (TICI) score was >2b.
For the third outcome we studied the association between the
imaging and histologic characteristics of thrombi in stroke. For
this, both CT and MRI were used. CT outcomes were evaluated
using Hounsfield unit (HU) measurements and MRI character-
istics were defined using the presence or absence of the suscepti-
bility vessel sign (SVS) (ie, low signal on susceptibility-weighted
imaging (SWT)). Histologic characteristics were analyzed by RBC
and fibrin content. Fourth, we studied the association between
imaging characteristics (on MRI and CT) of thrombi and angio-
graphic outcomes. Again, for this, good angiographic outcome
was defined as a TIMI score of >2 or TICI score of >2b. For

this analysis we also performed a subgroup analysis on the asso-
ciation between HU and outcomes by including only those arti-
cles which reported the use of techniques such as aspiration
thrombectomy and stent-retrievers. Lastly, we studied the associ-
ation between imaging characteristics of thrombi on CT and
MRI (ie, HUs and SWI characteristics) and stroke etiology (car-
dioembolic and large artery atherosclerosis).

Histologic and imaging characteristics

The histologic characteristics of thrombi studied included the
proportion of RBCs, white blood cells (WBCs), and fibrin in
retrieved thrombi. In some cases we were able to study the
histologic composition as a categorical variable (ie, RBC-rich,
RBC-poor, fibrin-rich, fibrin-poor, etc); however, in many cases
the studies only reported the mean proportion of RBCs, WBCs,
and fibrin between groups. In cases where the association
between stroke etiology and histologic and imaging character-
istics of thrombi were studied, the etiology was categorized as
large artery atherosclerosis or cardioembolic.

Data from included studies were extracted independently by
two authors using a standardized form and any disagreement
was resolved by consensus. Histologic analysis was generally
performed using H&E staining. Imaging characteristics of
thrombi studied included the presence or absence of a hyper-
dense artery sign (HAS) and/or thrombi HUs on non-contrast
CT or the presence/absence of SVS on MRI at the time of pres-
entation. Details of the staining and imaging methods used in
each study are provided in table 1.

Statistical analysis

All included studies were comparative. Meta-analysis results
were expressed as an OR for binary outcomes using random
effects meta-analysis.” Random effects meta-analysis was also
used to study continuous outcomes with outcomes reported
using the mean standard difference (MSD). For all outcomes,
we quantified between-study heterogeneity using homogeneity
by calculating the I? statistics."® A formal statistical meta-analysis
was used whenever there were at least three studies examining
any given outcome. In cases where data from studies were not
presented in an easily extractable manner or fewer than three
studies examined a specific outcome, data were summarized in
the form of a systematic review.

Risk of bias assessment

Risk of bias assessment was performed using the Newcastle—
Ottawa Scale. This tool is used for assessing the risk of bias of
non-randomized studies included in systematic reviews or
meta-analyses. Each study is judged on eight items categorized
into three groups: (1) selection of the study groups; (2) compar-
ability of the study groups; and (3) ascertainment of the
outcome of interest."’

RESULTS

Literature search and risk of bias assessment

The initial literature search yielded a total of 338 studies. Of
these, 297 were excluded based on title and abstract alone.
Sixteen additional articles were excluded due to insufficient
available data. In total, 25 articles were included in the final sys-
tematic review and meta-analysis. All studies were retrospective
and all studies were at high risk of bias using the Newcastle—
Ottawa criteria. Nine articles including 322 patients examined
associations between histology and etiology, four articles includ-
ing 158 patients examined associations between thrombi histo-
pathology and outcome, eight articles including 250 patients
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Table 1 Summary of included studies
Imaging
Outcome studied Author, year No of patients Therapy type Histological techniques techniques
Histology and etiology Simons, 2015 40 MT H&E and CD34 cT
Kim, 2015 37 MT H&E, PGPIlla, CD61 MRI
Singh, 2014 49 MT H&E NA
Niesten, 2014 22 MT H&E, Mallory’s phosphotungistic @)
acid-hematoxilin, glyophorin A, CD31
Boekh-Behrens, 2014 54 MT H&E, Elastica van Gieson cT
Sallustio, 2014 28 MT H&E NA
Sato, 2012 17 None H&E, PGPIIb/llla, glycophorin A and Fibll NA
Liebeskind, 2011 50 MT H&E CT/MRI
Marder, 2006 25 MT H&E NA
Histology and angiographic Boekh-Behrens, 2014 54 MT H&E, Elastica van Gieson cT
outcomes Liebeskind, 2011 50 MT H&E CT/MRI
Marder, 2006 25 MT H&E NA
Qureshi, 2015 19 MT H&E NA
Imaging and histology Simons, 2015 40 MT H&E and CD34 (@)
Kim, 2015 37 MT H&E, PGPIlla, CD61 MRI
Niesten, 2014 22 MT H&E, Mallory’s phosphotungistic @)
acid-hematoxilin, glyophorin A, CD31
Liebeskind, 2011 50 MT H&E CT/MRI
Cline, 2013 16 MT H&E T
Lopez-Cancio, 2013 15 MT Fibrinogen, PAI-1, P-selectin, VWf T
Boekh-Behrens, 2014 54 MT H&E, Elastica van Gieson cT
Ahn, 2012 16 MT H&E CcT
Imaging and outcome of 1A Moftakher, 2013 77 MT NA (@)
therapy Kim, 2006 34 1A tPA NA CcT
Mokin, 2015 41 MT NA T
Soize, 2015 113 MT NA MRI
Liebeskind, 2011 50 MT H&E CT/MRI
Froehler, 2013 67 MT NA T
Spiotta, 2014 95 MT NA T
Vijiaratnam, 2015 181 MT NA T
Imaging and etiology Topcuoglu, 2015 105 IV-tPA or IA-tPA NA CT
Froehler, 2013 67 MT NA cT
Puig, 2012 45 IV-tPA NA T
Kim, 2006 34 IA/IV-tPA NA T
Almekhlafi, 2011 264 ANV NA CT/MRI
Guthrie, 2012 128 NA NA cT
Cho, 2005 95 NA NA MRI

IA, intra-arterial; IV, intravenous; MT, mechanical thrombectomy; NA, not applicable; tPA, tissue plasminogen activator.

examined associations between histology and imaging character-
istics, eight articles with 658 patients examined associations
between imaging and revascularization with intra-arterial
therapy, and seven articles with 738 patients examined the asso-
ciation between imaging and etiology. A summary of the
included studies is provided in table 1 and figure 1 summarizes
the search strategy.

Histologic composition of thrombi and stroke etiology
Nine articles including 322 patients examined the association
between thrombi histology and etiology.’ '*>7'? Of these nine
studies, five (55.5%) found no association between thrombi hist-
ology and etiology. Two studies (22.2%) found that cardioem-
bolic strokes were associated with RBC-rich thrombi, one study
(11.1%) found that large artery atherosclerosis was associated
with RBC-rich thrombi, and one study (11.1%) found that car-
dioembolic strokes were associated with WBC-rich thrombi.
Four studies had data available for extraction for purposes of
a meta-analysis. There was no significant difference in the pro-
portion of RBC-rich thrombi between cardioembolic and large
artery atherosclerosis etiologies (OR 1.62, 95% CI 0.1 to 28.0,
p=0.63). The mean RBC composition for cardioembolic strokes
was 39.3% and 29.5% for large artery atherosclerosis (MSD
9.8, 95% CI -15.9 to 35.5, p=0.45). The mean fibrin

composition for cardioembolic strokes was 28.4% and 40.0%
for large artery atherosclerosis (MSD —11.6, 95% CI —41.8 to
18.7, p=0.46). I* values were >50% for all outcomes, indicat-
ing substantial heterogeneity.

338 original articles
from literature search

8-

297 excluded based
on title and abstract
alone

-

16 articles excluded
due to insufficient
data available

9 articles on histology
and etiology

4 articles on histology
and outcome

8 articles on histology
and imaging

7 articles on imaging
and stroke etiology

8 articles on imaging
25 articles included in and outcome of IA
final sample therapy.

Figure 1 Search strategy results.
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Clot histologic composition and angiographic outcomes

Four articles with 158 patients examined the association
between thrombi histology and angiographic outcomes.® ' 14 20
In three studies (75.0%) there was no association between
thrombi histology and outcome and in one study WBC-rich
thrombi were associated with less favorable recanalization rates.
No meta-analysis for this outcome could be performed.

Imaging and histologic characteristics of thrombi in stroke
Eight articles including 250 patients examined associations
between  thrombi  histology —and imaging character-
istics.! 5 12 13 15 18 21 22 giy of six articles (100%, 6/6) exam-
ining the association between RBC and fibrin content and
HAS demonstrated that hyperdense thrombus indicated a high
RBC content. Two of two articles (100%, 2/2) examining the
association between RBC and fibrin content found that the
presence of the SVS indicated the presence of RBC-rich
thrombi.

Three articles had data available for extraction for purposes
of a meta-analysis. HAS was associated with RBC-rich thrombi.
Patients with HAS had a higher odds of having RBC-rich
thrombi than those without a HAS on CT (OR 9.0, 95% CI 2.6
to 31.2, p<0.01). I? for this estimate was 0%, indicating no sub-
stantial heterogeneity in the analysis of this outcome. The mean
RBC% for patients with a HAS was 45.2% compared with
23.3% for those without a HAS (MSD 24.5, 95% CI 17.4 to
31.7, p<0.01). I for this estimate was >500, indicating sub-
stantial heterogeneity (figure 2).

Imaging characteristics of thrombi and angiographic
outcomes

A total of eight studies with 658 patients examined the associ-
ation between thrombi imaging characteristics and angiographic
outcomes following mechanical thrombectomy.® ° 2732 As men-
tioned in the Methods section, IV-tPA studies were excluded
from this analysis. Seven studies examined outcomes with mech-
anical thrombectomy with or without IA-tPA and one study
examined outcomes with IA-tPA alone. Five studies used
modern techniques including stent-retrievers and aspiration
thrombectomy, two studies reported outcomes of Merci clot
retrieval alone, and one study included patients receiving IA-tPA
alone. Of the eight studies, six examined the correlation
between clot density on CT and outcomes, one examined the
correlation between clot signal on MRI and outcomes, and one

study examined the correlation between clot characteristics on
both CT and MRI and outcomes.

Of the studies examining the association between CT attenu-
ation of thrombi and outcomes, five (71.4%, 5/7) found that the
presence of a HAS was associated with successful recanalization,
one study (14.3%, 1/7) found no association between the HAS
and recanalization, and one study (14.3%, 1/7) found a negative
association between the HAS and recanalization. Of the two
studies examining recanalization rates with MRI, both (100%,
2/2) found a positive association between the SVS and
recanalization.

Five articles had data available for meta-analysis on the correl-
ation with thrombi density on CT and angiographic outcomes.
Patients with a good angiographic outcome had a mean HU of
55.1+3.1 compared with a mean HU of 48.4+1.9 for patients
with a poor angiographic outcome (MSD 6.5, 95% CI 2.7 to
10.2, p<0.001). Our subgroup analysis of the association
between clot density and angiographic outcomes including only
case series which reported the use of modern techniques also
demonstrated that patients with a favorable angiographic
outcome had a significantly higher mean clot HU than those
with a poor angiographic outcome (MSD 6.7, 95% CI 1.7 to
11.8, p=0.009). I? values for these estimates were >50%, indi-
cating substantial heterogeneity.

Imaging characteristics of thrombi and stroke etiology

Seven articles with 738 patients examined the association
between thrombi imaging characteristics and stroke eti-
ology.® #2328 31 33 34 Gix studies examined CT findings and two
studies examined MRI findings. Two CT studies (33.3%, 2/6)
found an association between the HAS and a cardioembolic eti-
ology and four studies (66.6%, 4/6) found no association. Both
MRI studies found a positive association between the SVS and
cardioembolic etiology.

Four studies had data available for meta-analysis examining
the association between etiology and HAS. There was no associ-
ation between imaging characteristics and stroke etiology (OR
1.13, 95% CI 0.32 to 4.00, p=0.85). I* values for this estimate
were >50%, indicating substantial heterogeneity.

DISCUSSION

Our systematic review and meta-analysis of imaging and histo-
pathologic characteristics of thrombi in acute ischemic stroke
secondary to large vessel occlusion demonstrated a number of
relevant findings. First, as the literature currently stands, the

Studies Estimate (95% C.I.) :
Mokin, 2015 6.100  (1.731, 10.469) —
Spiotta, 2014 -11.600 (-29.652, 6.452) s !
Nietsen, 2014 10.900  (8.042, 13.758) D ——
Kim, 2006 5.100  (3.023, 7.177) —-
Moftaker, 2013 6.000 (-1.975, 13.975) -
Overall (142=73% , P=0.006) 6.466 (2.711, 10.220) —~—
T T * 1
-20 -10 0 10

Mean Difference

Figure 2 Forest plot comparing mean attenuation of clots in patients with good angiographic outcome versus those with poor angiographic
outcome. Mean difference calculated as difference in the mean attenuation of patients with good angiographic outcome subtracted from the mean
attenuation of patients with poor angiographic outcome. The positive value of the mean difference indicates that patients with a good angiographic
outcome had a higher clot attenuation than those with a poor outcome. Good angiographic outcomes were defined as Thrombolysis In Myocardial
Infarction (TIMI) score of >2 or Thrombolysis In Cerebral Infarction (TICI) score of >2b.
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current characteristics of thrombi as determined by conventional
staining techniques (ie, H&E) do not reveal any information on
stroke etiology. In addition, there appear to be only a few
studies examining the association between the histologic com-
position of thrombi and revascularization outcomes. We found
that patients with HAS had a higher odds of having RBC-rich
thrombi than those without a HAS on CT (OR 9.0, 95% CI 2.6
to 31.2, p<0.01). Furthermore, the increasing vessel density on
non-contrast CT was associated with increased recanalization
with both TV-tPA and IA recanalization. Lastly, we found no
association between thrombi imaging characteristics, including
vessel density on CT and susceptibility on MRI, and stroke eti-
ology. These findings suggest that, while imaging characteristics
of thrombi in acute stroke can tell us important information
regarding composition and potential revascularization out-
comes, many important questions regarding the histopathologic
characteristics of thrombi in acute ischemic stroke remain
unanswered.

Understanding the histologic characteristics of thrombi in
acute ischemic stroke is important for a number of reasons.
First, in many cases, patients with acute ischemic stroke present
with risk factors for both a large artery atherosclerotic and car-
dioembolic etiology for their ischemic event. While in many
cases the etiology can be sorted out with a high degree of reli-
ability, in cases of cryptogenic stroke—which comprise up to
30% of strokes depending on the population—the exact eti-
ology remains uncertain.>® With improved understanding of the
association between thrombi composition and etiology, thrombi
composition could potentially provide an important clue regard-
ing stroke etiology and thus affect secondary stroke prevention
strategies. Half of the included studies in our systematic review
found no association between thrombus composition and eti-
ology while the remaining studies all yielded variable
results.” 12717

All of the included studies used H&E staining to evaluate
thrombi composition.” '*7'? Based on these results, it is clear
that H&E staining characteristics do not provide enough infor-
mation regarding stroke etiology and further research examin-
ing cell subtypes using immunostaining methods are likely
required to further understand the association between stroke
etiology and thrombi composition. For example, some prior
studies have suggested that vulnerable carotid plaques have
high percentage areas of CD3-positive T cells and CD68- and
CD11c-positive macrophages.®>® 37 With improved immunos-
taining methods it may be possible to create a profile of
thrombi by their origins.

An understanding of the histologic characteristics of thrombi
and recanalization outcomes is also potentially important in
improving device selection and device development.® *™® When
engaging a thrombus with a stent-retriever or suction catheter,
optimal outcomes are likely best achieved when the entirety of
the thrombus is able to be retrieved in one pass. Multiple passes
probably indicate that the thrombus is adherent to the vessel or
fragmented, which could put the patient at risk for distal emboli
and less than optimal recanalization outcomes.® Furthermore, it
is possible that the mechanical characteristics of a thrombus
(soft vs stiff) affect the ability of a stent-retriever device or
suction catheter to engage it.> °® By understanding the distribu-
tion of thrombi phenotypes and their association with recanali-
zation outcomes, we can arrive at a better understanding of why
it is that successful recanalization is only achieved in 70-80% of
cases and develop technologies that can be used to successfully
retrieve these difficult thrombi. Our review found only three
studies which examined the association between thrombi

composition and outcome. Thus, it is clear that further research
in this field is needed.

Ultimately, if histopathological studies of thrombi compos-
ition prove to be successful in demonstrating their association
with etiology and recanalization outcomes, the importance of
thrombi imaging will only increase. Based on findings from this
review, it is clear that a HAS or SVS is a marker of an RBC-rich
thrombus while the absence of these imaging findings is asso-
ciated with a more fibrin-rich thrombus.*® 8 11 1416 If ‘indeed,
thrombus composition is shown to be associated with improved
outcomes with certain techniques or devices, or if certain
thrombi are shown to be associated with higher rates of frag-
mentation and distal embolization, imaging can then be used to
guide device selection and at least provide the operator with a
sense of what to expect during the revascularization procedure
(ie, stiffness of thrombi or device/clot interaction). However,
further understanding of the association between imaging
characteristics and etiology could be useful to help determine
stroke etiology in cases in which revascularization was either
not performed or unsuccessful.

Study limitations

Our study has substantial limitations. First, there are relatively
few studies in the literature examining many of the outcomes
included in this study. A major finding of this analysis is the fact
that much work remains to be done in examining the histologic
and imaging characteristics of thrombi in acute stroke. In
general, there was a lack of uniformity in the histopathologic
descriptions of retrieved thrombi. Definitions included old
versus fresh, RBC-rich versus fibrin-rich, serpentine versus lami-
nated, and WBC-rich versus WBC-poor. Given the lack of
standard nomenclature in thrombi characterization, this limits
the generalizability of our results. It is also important to point
out that some of the studies included in this analysis were per-
formed prior to the advent of stent-retrievers and aspiration
thrombectomy; technologies which now allow us to extract clots
in their entirety rather than in fragments. This might affect sam-
pling of clot histology. Stroke etiology was generally evaluated
by a neurologist in the series that reported it. However, the
details of this investigation were not always included in the
included studies. Imaging techniques were variable across
studies and imaging outcomes were generally not evaluated by
an independent core laboratory.

There is inherent bias in assessing histologic characteristics of
thrombi and angiographic outcomes as patients with poor out-
comes presumably have no thrombi retrieved for analysis. There
was a lack of uniformity in how many outcomes were reported,
as some studies characterized imaging and pathological
characteristics of thrombi using categorical variables while
others used continuous variables. Most of the studies included
in this systematic review and meta-analysis were retrospective
single-center studies and at risk of selection bias. Nevertheless,
this systematic review and meta-analysis provides important
information regarding the current state of the literature on
thrombi imaging and histology which can be further built upon
in future studies.

CONCLUSION

Our systematic review and meta-analysis of thrombi imaging
and histologic characteristics demonstrated a number of interest-
ing findings. First, imaging characteristics including the HAS
and SVS are associated with RBC-rich thrombi and HAS is asso-
ciated with improved recanalization rates. Second, there were no
definitive associations between clot histology using H&E
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staining and clot origin. Clearly, much work remains to be done
in understanding the association between thrombi composition
and stroke etiology as well as revascularization outcomes.
Further research in the field of thrombi research in acute ische-
mic stroke is needed to address these questions and should
focus on determining if certain device classes are better suited
to treat different thrombi types, the role of immunostaining and
other histologic classification techniques, and whether preopera-
tive imaging can be used to guide device selection and revascu-
larization techniques.
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