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Impact of histological clot composition
on preprocedure imaging and
mechanical thrombectomy

Jeremiah N. Johnson, Aditya Srivatsan, Juyu Chueh', Rose Arslanian’,
Matthew J. Gounis', Ajit S. Puri’, Visish M. Srinivasan, Stephen Russell Chen?,
Jan-Karl Burkhardt, Peter Kan

Abstract:

INTRODUCTION: We studied the relationship of acute ischemic stroke (AIS) large-vessel occlusion
clot composition with vessel recanalization and preprocedure imaging.

SUBJECTS AND METHODS: Individual clots from AIS patients who underwent mechanical
thrombectomy (MT) between September 2016 and September 2018 were examined. Clot composition
was analyzed histologically through a trichrome staining and image segmentation, and the area
occupied by red blood cells (RBCs), fibrin, or mixed composition was quantified.

RESULTS: Forty-three patients (65.4 + 12.7 years, 39% of females) who underwent 92 retrieval
passes (mean 2.14, range 1-6) were included in this study. Fibrin (44%) occupied the greatest area,
followed by mixed composition (34%) and RBCs (22%). A stent retriever was deployed in 81% of
cases, 20 patients (47%) achieved first-pass efficacy (FPE) (thrombolysis in cerebral infarction [TICI]
2b-3 after first pass), 41 (95%) achieved successful revascularization (TICI 2b-3), and 21 (49%) had
good outcome (modified Rankin Scale [mRS] <2) at 90 days. Hyperdense artery sign (HAS) on
initial computed tomography was correlated with mixed clot composition (P = 0.01) and lack of fibrin
content (P=0.03). In the univariate analysis, FPE was associated with RBC clot area, atrial fibrillation,
and occlusion location but not with fibrin clot area, mixed clot area, stroke etiology, thrombectomy
technique, distal emboli, or 90-day mRS. In the multivariate analysis, FPE was significantly correlated
with low RBC clot area (odd ratio = 0.96, confidence interval [0.92.99], P = 0.034) but not with atrial
fibrillation or location.

CONCLUSION: Our results suggest that HAS is correlated with mixed clot composition and lower
fibrin content and that lower RBC clot composition is associated with FPE in patients undergoing MT.
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and subsequently, DEFUSE 3 and DAWN
trials have expanded the thrombectomy

Introduction

cute ischemic stroke (AIS) is a

leading cause of death and disability
worldwide. In 2015, five randomized
controlled trials (RCT) established
mechanical thrombectomy (MT) as the
treatment of choice for AIS due to anterior
circulation large-vessel occlusion (LVO),!*!
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window in selected patients.[®”l The
HERMES meta-analysis and the five RCTs
found that recanalization failed in 29%
of LVO patients.®! Understanding the
relationship between clot histology and
other clinical indicators such as initial
CT findings, underlying stroke etiology,
and the ease or difficulty of mechanical
revascularization is pertinent. Prior clot
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analysis studies have suggested a relationship between
retrieved LVO clot composition and reperfusion success
as well as the association of clot subtype with underlying
stroke etiology.”'l Some have suggested that increasing
the percentage of red blood cell (RBC) composition
within retrieved clots portends a higher likelihood of
first-pass efficacy (FPE), which is defined as achieving a
modified thrombolysis in cerebral infarction (TICI) score
of 2b-3.01% Overall, however, the data regarding clot
histology and clinical factors lack consensus."!

The present study evaluates the composition of blood
clots retrieved from the intracranial circulation during
LVO mechanical thrombectomies and analyzes whether
clot composition subtype differs between underlying
stroke etiologies, whether clot composition impacts
FPE, and whether any clot subtype is associated
with dense vessel sign on the initial brain computed
tomography (CT). Understanding the association of clot
composition with preintervention patient characteristic,
imaging findings, and reperfusion success may inform
MT strategy and decision-making.

Subjects and Methods

A total of 43 ischemic stroke patients who underwent
MT for acute stroke over 2 years between September
2016 and September 2018, with sufficient clot retrieved
to facilitate histological evaluation, were included
in the analysis. For patients with more than one clot
retrieved, all retrieved clots were analyzed together,
and the cumulative breakdown in composition was
calculated. All patients were confirmed to have LVO on
CT angiography (CTA). We retrospectively reviewed
clinical, radiological, and procedural data from our
prospectively maintained interventional stroke database.
Five patients were excluded as insufficient clot material
needed to perform a histological analysis was retrieved.
The study was approved by the institutional review
board, and no procedures were performed in this study
involving humans or animals.

The patient’s data gathered included demographic
information, cerebrovascular risk factors, and initial
stroke severity through NIHSS scores [Table 1]. The
patient outcome was assessed by modified Rankin
Scale (mRS) score at 90 days, and mRS score 0-2
considered a good outcome. Radiological data including
the Alberta Stroke Program Early CT score (ASPECTS,
hyperdense artery sign (HAS) on initial CT, and location
of the LVO on CTA were reported by the reading
neuroradiologist.

In accordance with our institutional protocol,
noncontrast-enhanced CT of the brain and CTA were
performed to guide decisions regarding thrombolysis
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Table 1: Patient and procedural characteristics
n=43
65.4+12.7 (40-88)

Mean age (range)

Female (%) 39.5
Risk factors (%)
Atrial fibrillation 46.5
Hypertension 69.8
Hyperlipidemia 37.2
Diabetes 39.5
Smoking 32.6
Hypercoagulable 23
Stroke etiology (TOAST classification) (%)
Cardioembolic 58.1
LAA 14.0
Other determined etiology” 11.6
Undetermined etiology 16.3
Location (%)
ICA 23.3
M1 55.8
M2 14.0
Basilar 7.0
Thrombectomy technique (%)
ADAPT 18.6
Solumbra/Trelumbra 37.2
SRBG 23.3
TRAP 20.9
Mean NIHSS on admission (range) 16.11£5.3 (6-29)
Premorbid mRS 0-2 (%) 93.0
IV tPA (%) 58.1
IV Heparin 23
Distal emboli during the procedure (%) 14

Procedural time parameters (min)

Mean LSW to puncture 309.9+265.4
Mean puncture to final reperfusion 52.5+28.9
Mean LSW to final reperfusion 362.1+£279.0
Outcomes (%)
FPE 46.5
Final successful reperfusion (TICI 2b-3) 95.3
Mean NIHSS at discharge (range) 10.2+8.9 (0-30)
90 days mRS <2 48.7
Postprocedure sICH? 9.3

‘Five patients had stroke of “other” etiology (two dissections, one malignancy,
one hypercoagulable state, one secondary to oral contraceptive pills), tOne
patient had HI1, two patients had HI2, and one patient had PH 1. n: Sample
size, HI1: Hemorrhagic infarction type 1, HI2: Hemorrhagic infarction type 2,
PH 1: Parenchymal hematoma type 1, TOAST: Trial of ORG 10172 in acute
stroke treatment, ICA: Internal carotid artery, NIHSS: National Institute of
Health Stroke Scale, mRS: Modified Rankin Scale, |V tPA: Intravenous tissue
plasminogen activator, LSW: Last-seen-well, sICH: Symptomatic intracerebral
hemorrhage, TICI: Thrombolysis in cerebral infarction, LAA: Large artery
atherosclerosis, FPE: First-pass efficacy, ADAPT: A direct first-pass
aspiration, SRBG: Stent retriever with balloon guide catheter, TRAP: Trevo
aspiration proximal flow control technique

and thrombectomy. Intravenous tissue plasminogen
activator (IV tPA) was administered in all eligible
patients prior to neurointervention. Inclusion criteria
for MT included presentation within 6 h of time
last-seen-well (LSW), NIHSS =4 or <4 with disabling
neurological deficit, the presence of LVO on CTA,
no hemorrhage on noncontrast CT, ASPECTS
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score =6, and premorbid mRS score of <2. Beyond
6 h and <24 h from time LSW, LVO-confirmed patients
additionally underwent CT perfusion imaging and
were deemed candidates for MT based on core versus
penumbra ratio as described in the DAWN study and
adjudicated by neuroradiology, stroke neurology,
and the interventionalist.”! Acute stroke subtypes
were classified as cardioembolic (CE), large artery
atherosclerosis (LAA), small-vessel occlusion, other rare
causes, or undetermined cause as classified in the Trial
of ORG 10172 in Acute Stroke Treatment (TOAST).["!

At the interventionalist’s discretion, Trevo (Concentric
Medical Inc., Mountain View, CA), Solitaire (AB or
FR, Covidien, Irvine, CA), Penumbra reperfusion
catheter (Penumbra, Alameda, CA), and Catalyst
catheters (Stryker) were used to perform MT. Reperfusion
strategies utilized included aspiration alone (ADAPT),
balloon guide catheter + stent retriever (SRBG), aspiration
catheter + stent retriever (Solumbra or Trelumbra),
BGC + aspiration catheter + stent retriever (IRAP), and
supplemental tirofiban infusion. The strategies used were
at the discretion of the interventionalist, and strategies
were often switched after an initial unsuccessful pass.
Angiographic outcome was rated on the TICI score, and
MT was considered successful if the score was 2b or 3.
Postprocedural symptomatic hemorrhage was defined
as any hemorrhage associated with an increase in NIHSS
score =4 within 24 h. Carotid tortuosity anatomic
variation was scored post hoc.'" Two fellowship-trained
endovascular neurosurgeons independently evaluated
all radiological outcomes and came to a consensus on
final scores at adjudication sessions.

Thrombi retrieved immediately post procedure were
placed in formalin solution, later photographed while in
formalin, and sectioned and prepared for histology. Clots
were sectioned along their longest axis. A trichrome
staining method (Martius Scarlet Blue) was used to
identify each clot element. Following staining, mature
fibrin appeared blue, fresh fibrin was red, and RBC were
bright yellow [Figure 1]. The images were analyzed with
the Orbit Image Analysis software.

The segmentation process began by loading the
selected raw image into the field of view and
identifying each clot component. In each case, there
were 3-5 different components that were named
and designated a specific color. An “Exclusion
model” was first prepared by highlighting all of the
components (background, RBC, fibrin, and mixed
areas). The model was “trained and classified,” which
solidified the total segmented area across the entire
image. Once the exclusion model had been saved,
then the “Inclusion model” was prepared, and the
segmentation process was performed identically to
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Figure 1: (a) A study subject clot sample prior to sectioning. (b) Clot sample with
MSB stain. (c) Clot sample after segmentation. RBCs were highlighted green,
mature and fresh fibrin were grouped and highlighted blue, and “mixed” area was
highlighted yellow. (d) Quantification of clot sample in panel C showing it is fibrin
rich. (e) Example of mixed-type clot. (f) Example of RBC-rich clot. RBC: Red blood
cells, MSB Martius Scarlett Blue

the previous method. Once the inclusion model was
complete, both models were layered to then compute
the segmentation area. The total amount of segmented
area was quantified per component, and the value of
each segment was converted to a percentage.

We analyzed the radiological and clinical data for
the 43 patients, and clot composition was analyzed
histologically. The area of the clot occupied by RBC,
fibrin, or mixed composition was quantified according to
the established criteria."® RBC-rich clots were defined as
clots with >15% RBC compared to fibrin, and fibrin-rich
clot was defined as clots with >15% fibrin compared to
RBC. Those not meeting either of these criteria were
deemed as mixed. Differences in continuous variables
were analyzed using one-way ANOV A with the post hoc
Tukey’s test. Categorical variables were compared using
the Chi-squared test. Linear regression was performed to
determine the correlation between the number of passes
and procedure time to RBC/fibrin/mixed clot area. We
performed a univariate analysis of RBC/fibrin/mixed
clot area as well as other variables to find any association
with FPE (association defined as P < 0.25). Finally, a
multivariate regression analysis was conducted on the
associated variables. Statistical outliers, defined as points
that fall more than 1.5 times the interquartile range

89



Johnson, et al.: Clot composition impact on imaging and thrombectomy

above the third quartile or below the first quartile, were
excluded during analysis. Statistical significance was
set at P < 0.05.

Results

In a 43-patient cohort, the mean age was 65 (+12.7) years,
26 (61%) were male, 20 (47%) had atrial fibrillation,
and 33% were smokers [Table 1]. The mean NIHSS at
presentation was 16.1 + 5.3 (range 6-29), and 58% received
IV tPA before MT. TOAST criteria stroke subtypes
classifications are as follows: 25 (58%) CE, 6 (14%) LAA,
5 (12%) other etiology, and 7 (16%) with undetermined
etiology. 19% of patients received ADAPT, 37% received
Solumbra/Trelumbra, 23% received SRBG, and 21%
received TRAP (81% of patients were treated with a stent
retriever). The meantime from LSW to puncture was
310 min (+265.4), puncture to reperfusion was 52.5 min
(+28.9), and LSW to reperfusion was 362.1 min (+279.0).
A total of 92 thrombectomy passes were performed in
43 subjects (mean: 2.14, range: 1-6), with successful FPE
in 20 (47%) patients. Successful revascularization (TICI
2b-3) was achieved in 41 (95%) of patients, and 21 (49%)
patients had a good functional outcome at 3 months (mRS
0-2). Of the 21 patients with good functional outcomes,
11 (52%) had achieved FPE. A HAS was present in
20 (47%) patients on initial plain CT. On a 5-point
internal carotid artery tortuosity scale, the mean score
was 3.03 (+0.96), and tortuosity score was not associated
with successful revascularization (P = 0.19).04

On average, fibrin occupied the greatest area of the
retrieved clots, comprising 44%, followed by mixed
comprising 34% and RBC comprising 22%. Based on the
criteria described earlier, 14% of clots were classified as
RBC rich, 49% were classified as fibrin rich, and 37% were
classified as mixed. As shown in Table 2, there was no
significant difference in clot classification between the
categories of stroke etiology (P = 0.17) or between the
different thrombectomy techniques (P = 0.81).

There was no difference in number of passes
versus RBC/fibrin/mixed clot area (P > 0.05), clot
classification (P = 0.45), stroke etiology (P = 0.25), occlusion
location (P = 0.31), or final reperfusion status (P = 0.18).
Similarly, there was no difference in procedure time
versus RBC/fibrin/mixed clot area (P > 0.05), clot
classification (P = 0.25), stroke etiology (P = 0.58),
occlusion location (P = 0.41), or final reperfusion
status (P = 0.94) [Table 3]. There was a significantly
higher percent of fibrin content in patients without a
HAS (52%) than in patients with the sign (35%) (P = 0.03),
and a significantly higher percentage of mixed content
in patients with the HAS (46%) than in patients without
the sign (24%) (P = 0.01). Clot classification did not
correlate significantly with achieving successful
reperfusion (P = 0.26).

In the univariate analysis, FPE was associated (P < 0.25)
with RBC clot area, atrial fibrillation, and occlusion
location but not with fibrin clot area, mixed clot area,
stroke etiology, thrombectomy technique, distal emboli,
or 90-day mRS. In the multivariate analysis, FPE
was significantly correlated with RBC clot area (odd
ratio [OR] = 0.96, confidence interval [CI] [0.92.99],
P = 0.034) but not with atrial fibrillation (P = 0.07) or
location (P = 0.32). The odds ratio being <1 indicates
that having less RBC clot area correlates to greater FPE
success. Clots in cases that achieved FPE had a mean
RBC clot area of 16.7%, while clots in cases that did not
achieve FPE had a mean RBC clot area of 27.3%. On
the other hand, fibrin and mixed composition clot area
was similar in cases that achieved and did not achieve
FPE (FPE achieved: fibrin — 46.1%, mixed — 37.1; FPE not
achieved: fibrin — 41.4%, mixed — 31.3%).

Further statistical analysis showed no correlation
between clot composition and distal emboli (P = 0.97),
mean NIHSS at discharge (P = 0.59), 90-day mRS.
(P = 0.15), LSW to puncture time (P = 0.47), or tPA
administration (P = 0.74). There was also no correlation
between tPA administration and FPE (P = 0.40). HAS did

Table 2: Clot classification per stroke etiology and thrombectomy technique

Clot classification

RBC rich (n=6), n (%)

Fibrin rich (n=21), n (%) Mixed (n=16), n (%)

Stroke etiology
CE (n=25) 1(4)
LAA (n=6) 1(16.7)
Other (n=5) 1(20)
Undetermined (n=7) 3 (42.9)
Thrombectomy technique
ADAPT 1(17)
Solumbra/Trelumbra 2 (33)
SRBG 1(17)
TRAP 2 (33)

15 (60) 9 (36)
3 (50) 2 (33.3)
1(20) 3(60)

2(28.6) 2(28.6)
3 (14) 4 (25)
10 (48) 4 (25)
5 (24) 4 (25)
3 (14) 4 (25)

RBC: Red blood cell, CE: Cardioembolic, LAA: Large artery atherosclerosis, ADAPT: A direct first-pass aspiration, TRAP: Trevo aspiration proximal flow control

technique, SRBG: Stent retriever with balloon guide catheter
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Table 3: Retrieval passes and procedure time
analysis per subgroup

Total number of Mean
retrieval passes procedure time

(per patient) (mean+SD)
All patients (n=43) 92 (2.1) 52.5+28.9
Clot classification P=0.45 P=0.25
RBC rich (n=6) 17 (2.8) 64.0+22.1
Fibrin rich (n=21) 44 (2.1) 4474223
Mixed (n=16) 31(1.9) 53.4+28.9
Stroke etiology P=0.25 P=0.58
CE (n=25) 56 (2.2) 49.0+£30.5
LAA (n=6) 9(1.5) 55.5+18.0
Other etiology (n=5) 7(1.4) 47.6127.9
Undetermined etiology (n=7) 20 (2.9) 65.9+32.2
Occlusion locations P=0.31 P=0.41
ICA terminus (n=10) 23 (2.3) 62.8+29.7
M1 (n=24) 57 (2.4) 52.9429.9
M2 (n=6) 9(1.5) 39.7426.7
Basilar (n=3) 3(1) 40.7£14.0
Final reperfusion P=0.18 P=0.94
TICI <2b (n=2) 7 (3.5) 54.0+38.2
TICI 2b-3 (n=41) 85 (2.1) 52.4+28.9

n: Sample size, SD: Standard deviation, RBC: Red blood cell,
CE: Cardioembolic, LAA: Large artery atherosclerosis, ICA: Internal carotid
artery, TICI: Thrombolysis in cerebral infarction

not correlate with 90-day mRS (P = 0.34) or mean NIHSS
at discharge (P = 0.35).

Discussion

Understanding the underlying histology of AIS thrombi
and the relationship to clinical factors may aid clinical
decision-making. Our analysis of blood clots retrieved
from 43 patients undergoing MT demonstrated RBC-rich
clots were less likely to be retrieved successfully on the
first pass. Mixed clot type was associated with HAS on
CT, whereas high fibrin content was associated with lack
of HAS. Further, histological clot composition was not
different between stroke etiologies.

The predominant clot component in the current study
was fibrin which occupied 44% of the overall clot area,
followed by mixed (34%) and RBC (22%). Fibrin was
found to occupy the greatest percentage of the clots
retrieved, which is consistent with other clot analysis
studies of a similar methodology. As previously
described, clots were further classified as RBC rich — 14%,
fibrin rich — 49%, and mixed — 37%. Our analysis found
no significant difference in clot composition (RBC
rich, fibrin rich, and mixed) between the categories of
stroke etiology categorized by TOAST criteria [Table 2].
Prior clot analysis studies have reported inconsistent
associations of clot subtype with underlying stroke
etiology, with some describing an association of RBC rich
clots with CE, others reporting LAA etiology associated
with RBC-rich content clots, and one report found an

Brain Circulation - Volume 8, Issue 2, April-dune 2022

association between WBC-rich clots with CE source;
however, the majority of studies report no association
between stroke underlying etiology and clot subtype.['>"!

In prior studies, high RBC content clots have been
positively correlated with response to IV tPA and postIV
tPA thrombus migration prior to MT.'] A recent
histopathological study of 39 patients found increasing
RBC-rich clot area to be a successful recanalization
during intra-arterial thrombectomy.” Our multivariate
analysis found that increased RBC content was
negatively associated with FPE. Other studies have
demonstrated an association of high RBC content with
decreased MT procedure times, whereas high fibrin
content is associated with longer procedure times and
increased clot fragmentation.'*' Fibrin-rich clots
created in the laboratory were shown to have a higher
coefficient of friction than RBC-rich thrombus and have
stronger interactions with the vessel wall, increased
elasticity, and are harder to remove from the vessel
wall.l**l This is contrary to our findings of increased
RBC content being associated with a reduced likelihood
of FPE. Studies have also shown that aspiration is
more effective for RBC clots, whereas stent-retriever
use is more effective for RBC-poor clots. In our study,
only 19% of patients received ADAPT, while 81% of
patients underwent stent retriever thrombectomy. The
inverse relationship between RBC content and FPE
could be a result of a high percentage of stent retriever
thrombectomy in our study, again confirming prior
studies that stent retriever is perhaps better for retrieval
of RBC-poor clots (only 14% of retrieved clots in our
study were classified as RBC rich). Similar to prior
reports, our analysis found no association between
clot subtype and overall revascularization success, nor
functional outcome.!®!

HAS was noted in 20 (47%) patients on their initial plain
CT. A mixed subtype of clot was significantly correlated
with HAS on plain CT, and fibrin content correlated
with lack of a HAS. Other studies have reported similar
findings with RBC-rich and mixed clots more likely to be
reported as hyperdense on pre-procedure plain CT.[3161819]
Sporns et al.™ found a strong correlation between low
vessel attenuation on CT and low fibrin clot content and
conversely reported a high RBC content with high vessel
attenuation.'” One study negatively correlated platelet
content with HAS.*"! A recent systematic review found a
positive correlation between HAS on CT and RBC content,
and meta-analysis of four eligible studies demonstrated
that patients with HAS artery on CT had a higher odd of
having RBC rich thrombus than those without (OR: 9.0,
95% CI:2.6-31.2, P < 0.01).1"! Qur findings of low clot fibrin
content being associated with a lack of dense vessel sign
on CT are consistent with prior studies. Together, these
indicate that we can predict clot composition based on
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CT imaging, which can potentially inform us about the
reperfusion rate and guide our thrombectomy techniques.

In this study, we found no association of proximal
vessel tortuosity score!’? with vessel recanalization
rates or first-pass MT success.['>1*2?] The tortuosity
score used in this study was only based on tortuosity
of the carotid siphon, and other anatomical factors
such as tortuosity beyond (e.g., M1) or proximal (e.g.,
cervical carotid) in the arterial tree that could impact
FPE and final recanalization were not accounted for.
Perhaps, a tortuosity score that captures both extra and
intracranial tortuosity should be used in future studies
to further assess the relationship between tortuosity and
recanalization.

This study has several limitations which should be
considered when interpreting the results. First, the
design is a retrospective analysis of data prospectively
collected at a single center with a moderate sample size
for this type of study. Second, some clot subtype numbers
such as RBC rich clots were low (n = 6), which may
impact generalizability. Third, there was heterogeneity
of thrombus retrieval techniques utilized, and the impact
of thrombectomy technique on intracranial clots during
MT is not well established, but there some some data
to suggest that aspiration may affect clot composition
compared to stent retriever. Finally, there is a degree
of selection bias inherent in this type of study because
patients who undergo MT where no clot is retrieved are
not included in the histological analysis; therefore, the
properties of those clots are unable to be assessed.

Conclusion

Our analysis suggests that mixed clot subtype is
associated with HAS, while increased fibrin content
negatively correlates with HAS. Further, increased clot
RBC content reduced the chance of FPE. We found no
association between clot histology and clot origin. This
work furthers our knowledge regarding the relationship
between thrombus histology, imaging, and reperfusion
factors that may inform clinical decision-making.
Future research is needed to determine whether certain
reperfusion devices or combinations are more effective in
treating particular thrombi subtypes and whether these
subtypes can be predicted by preprocedural imaging.
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