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ORIGINAL RESEARCH
INTERVENTIONAL

Is Histologic Thrombus Composition in Acute Stroke Linked
to Stroke Etiology or to Interventional Parameters?

J. Goebel, B.-J. Gaida, I. Wanke, C. Kleinschnitz, M. Koehrmann, M. Forsting, C. Moenninghoff, A. Radbruch,
and A. Junker

ABSTRACT

BACKGROUND AND PURPOSE: Detailed insight into the composition of thrombi retrieved from patients with ischemic stroke by
mechanical thrombectomy might improve pathophysiologic understanding and therapy. Thus, this study searched for links between
histologic thrombus composition and stroke subtypes and mechanical thrombectomy results.

MATERIALS AND METHODS: Thrombi from 85 patients who had undergone mechanical thrombectomy for acute ischemic stroke
between December 2016 and March 2018 were studied retrospectively. Thrombi were examined histologically. Preinterventional
imaging features, stroke subtypes, and interventional parameters were re-analyzed. Statistical analysis was performed with the
Kruskal-Wallis test, Mann-Whitney U test, or Spearman correlation as appropriate.

RESULTS: Cardioembolic thrombi had a higher percentage of macrophages and a tendency toward more platelets than thrombi of
large-artery atherosclerotic stenosis (P ¼ .021 and .003) or the embolic stroke of undetermined source (P ¼ .037 and .099) subtype.
Thrombi prone to fragmentation required the combined use of contact aspiration and stent retrieval (P ¼ .021) and were associated with
an increased number of retrieving maneuvers (P ¼ .001), longer procedural times (P ¼ .001), and a higher lymphocyte content (P ¼ .035).

CONCLUSIONS:We interpreted the higher macrophage and platelet content in cardioembolic thrombi compared with large-artery athero-
sclerotic stenosis or embolic stroke of undetermined source thrombi as an indication that the latter type might be derived from an athero-
sclerotic plaque rather than from an undetermined cardiac source. The extent of thrombus fragmentation was associated with a more
challenging mechanical thrombectomy and a higher lymphocyte content of the thrombi. Thus, thrombus fragmentation not only might be
caused by the recanalization procedure but also might be a feature of a lymphocyte-rich, difficult-to-retrieve subgroup of thrombi.

ABBREVIATIONS: ESUS ¼ embolic stroke of undetermined source; H&E ¼ hematoxylin-eosin; LAA ¼ large-artery atherosclerotic stenosis; MT ¼ mechanical
thrombectomy; mTICI ¼ modified TICI; RBC ¼ red blood cells; WBC ¼ white blood cells

The demonstrated efficacy of the endovascular therapeutic
approach to the occlusion of large vessels in the anterior circula-

tion initiated a fundamental change in stroke therapy. This currently
consists of the combination of thrombolysis with intravenous rtPA
andmechanical endovascular thrombectomy (MT).1-6

With the increasing performance of MT to extract the occlud-
ing thrombus, more thromboembolic material has become avail-
able for further analysis. Several studies of thrombus composition

in acute ischemic stroke have been published, but a comparison
of their data is difficult because of a lack of standardization, often
with conflicting results.7,8 In addition, only a small number of
thrombi have been investigated, often with no differentiation
between fibrin and platelets or among the different subtypes of
white blood cells (WBC). Therefore, the current study searched for
the following: 1) histologic differences between the different stroke
subtypes with regard to thrombus composition—that is, the pro-
portions of fibrin, platelets, red blood cells (RBC), WBC, macro-
phages, lymphocytes, and granulocytes and the extent of thrombus
fragmentation; and 2) correlations between thrombus composition
and the parameters of the MT.

MATERIALS AND METHODS
Patients presenting at our center with acute ischemic stroke
between December 2016 and March 2018 were recruited for MT
and subsequent statistical analysis with the approval of the local
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ethics committee of the medical faculty of the university
Duisburg-Essen, Germany.

A total of 136 consecutive patients underwent MT during
this period (On-line Fig 1). Patients from whom thrombotic
material suitable for histopathologic analysis was obtained
during MT were included in the further analysis. Patient
characteristics were extracted from the electronic medical
records. The subtypes of ischemic stroke were classified
according to Hart.9

Preinterventional Imaging
Unenhanced brain CT and contrast-enhanced CTA of the supra-
aortic brain-supplying arteries (Somatom Definition Flash or
Definition ASþ scanner; Siemens, Erlangen, Germany) were per-
formed in all patients either in our center or in the referring hospi-
tal. All available unenhanced brain CT scans were retrospectively
re-analyzed for the presence or absence of the dense artery sign,
for thrombus density calculated as the average of 2 Hounsfield unit
measurements in the occlusion indicated by CTA and/or the dense
artery sign, and for early ischemic changes according to the
ASPECTS in cases of middle cerebral artery ischemia.10

Mechanical Thrombectomy
MT using an aspiration catheter and/or a stent retriever was
performed with the patient under general anesthesia in a
biplanar DSA system (Allura Xper FD20; Philips Healthcare,
Best, the Netherlands). By means of the Seldinger technique,
a guiding catheter was inserted transfemorally, the large ves-
sel proximal to the suspected occlusion was probed, and
selective DSA was performed using Ultravist 300 as contrast
agent (iopromide; Bayer HealthCare, Berlin, Germany). After
identification of the arterial occlusion, a distal access or aspi-
ration catheter was introduced coaxially (5F Sofia distal
access catheter or 6F Sofia Plus aspiration catheter, Micro-
Vention, Aliso Viejo, California; 3MAX/4MAX/5MAX or
ACE 64 reperfusion catheter, Penumbra, Alameda, California)
over a microwire (Traxcess14, MicroVention; Transend EX,
Stryker, Kalamazoo, Michigan) and, if possible, docked onto the
thrombus. Subsequently, direct contact thrombus aspiration
was performed using a VacLok syringe (Merit Medical, South
Jordan, Utah). If recanalization was not sufficient, the aspiration
maneuver was repeated or, as an alternative, a stent retriever
(Solitaire FR, Medtronic, Minneapolis, Minnesota; Trevo XP Provue
System, Stryker; EmboTrap II Revascularization Device, Cerenovus,
Galway, Ireland; Separator 3D System, Penumbra) was inserted, posi-
tioned in the thrombus, and 1 or multiple stent-retrieving maneuvers
were then performed under constant aspiration. The thrombi were
collected in a sterile manner, and those thrombi suitable for histo-
pathologic analysis were immediately preserved in formalin. The
records of the endovascular procedures were re-analyzed for

interventional parameters, including the time interval between stroke
onset and MT, the duration of MT, the endovascular devices/tech-
nique used, the number of retrieving maneuvers, and interventional
complications. The achieved global recanalization success was quanti-
fied using the modified TICI (mTICI) scale.11

Histology and Immunohistochemistry
All investigations were performed on 1-mm sections. Histochemical
and immunohistochemical staining was used to determine the
quantitative composition of the thrombi. The stains used were he-
matoxylin-eosin (H&E) for RBC (appears reddish), Ladewig tri-
chrome stain for fibrin deposits (appears brick red), Elastica van
Gieson stain for collagen fibers (appears reddish), Von Kossa stain
for calcifications (stains black, On-line Fig 2), naphthol AS-D
chloroacetate stain for granulocytes (detected by their esterase con-
tent, On-line Fig 3), and Prussian blue staining for iron ions
in siderophages. In addition, immunohistochemical staining for
CD68 (positive for Ki-M1P, macrophages, and activated platelets,
their size allowing exact quantification) and for CD45 (positive for
leukocyte common antigen and lymphocytes) was performed (On-
line Fig 3). Pretreatments and antibody dilutions were performed
as described in Table 1. In brief, the endogenous peroxidase activ-
ity was first blocked by incubating the sections in 3% H2O2 in
phosphate-buffered saline. This step was followed by a blocking
step with 10% fetal calf serum in phosphate-buffered saline for 10
minutes at room temperature, followed by incubation with the pri-
mary antibody for 1 hour at room temperature. The sections were
then incubated with the secondary antibody (biotin-labeled anti-
body). Because the sections were stained using the Dako-
Autostainer-Plus (Agilent Technologies, Santa Clara, California),
the ZytoChemPlus horseradish peroxidase polymer system
(mouse/rabbit) (REF:POLHRP-100, Dako, Hamburg, Germany)
was used for detection. Cell nucleus counterstaining was per-
formed with hematoxylin.

The stained sections were digitized using a Leica slide
scanner (Leica Biosystems, Wetzlar, Germany). From the
scanned files, either the whole thrombus area (H&E for RBC
quantification, Ladewig trichrome for fibrin quantification)
or the whole thrombus area divided into subareas with an
edge length of 1000 mm (CD68 for monocytes/macrophages
and activated platelets, CD45 for leukocytes) was extracted
and analyzed using ImageJ software (National Institutes of
Health, Bethesda, Maryland).12 After we adjusted the hue,
saturation, and brightness, we adjusted the “color threshold”
so that colored particles or colored areas could be determined
using the “Analyze Particles” function in ImageJ.13 Regions
with densely packed RBC or platelets and areas of dense
fibrin deposition were included in the evaluation as coherent
areas (On-line Fig 4).

The applied staining methods also allowed an age estima-
tion of the thrombi. Because the Prussian blue stain,

Table 1: Antibodies and staining procedures
Antigen Source Pretreatment Dilution

CD68 (Ki-M1P) Dr Klapper, Institute for Pathology, Kiel, Germany None 1:10,000
CD45 (LCA) (mouse monoclonal, 2B11 þ PD7/26) Dako, Hamburg, Germany Citrate 1:1000

Note:—LCA indicates leukocyte common antigen.
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indicating iron ions in siderophages, turns positive approxi-
mately 72 hours after coagulation, the absence of any blue
coloration indicated a thrombus age of ,72 hours. In addi-
tion, the intermingling of thrombi with collagen fibers, red-
dish in Elastica van Gieson staining, would argue for their
reorganization, a finding that does not occur in fresh
thrombi (,72 hours) (On-line Fig 2). Furthermore, calcifi-
cations (visualized by the Von Kossa staining) are not found
in fresh thrombi (On-line Fig 2).

The areas occupied by fibrin, platelets, RBC, and WBC
(including macrophages, lymphocytes, and granulocytes) were
quantified as percentages. Furthermore, we investigated the pres-
ence of siderophages, collagen fibers, calcifications, and the num-
ber of histologic fragments of the thrombi.

Statistical Analysis
Statistical analysis was performed with the SPSS software package
(Version 25.0; IBM, Armonk, New York). Normal distribution
was determined with the Kolmogorov-Smirnov test. Data are
given as frequency counts and percentage values, medians and

ranges, and means and SDs, as appro-
priate. The Kruskal-Wallis test was
used to evaluate overall group differ-
ences between stroke subtypes in
thrombus composition (fibrin, plate-
lets, RBC, WBC, macrophages, lym-
phocytes, granulocytes, number of
thrombus fragments). In case of sig-
nificant overall group differences,
pair-wise comparisons of stroke sub-
types were performed with the
Kruskal-Wallis 1-way ANOVA for
multiple samples with a Bonferroni
correction. To investigate a possible
influence of thrombus composition
on MT, we performed a Kruskal-
Wallis test (with post hoc Bonferroni
correction for the second step of anal-
ysis) or a Spearman rank correlation
analysis, as appropriate. Finally, a
Mann-Whitney U test was used to
determine whether rtPA administration
resulted in differences in fibrin content
or fragmentation of the thrombi. A P
value , .05 was considered statistically
significant.

RESULTS
Patients, Preinterventional Imaging,
and Interventional Parameters
In 2 of the 136 initially recruited con-
secutive patients with acute ischemic
stroke selected for MT, intravenous
rtPA completely dissolved the occlud-
ing thrombi (On-line Fig 1). In the
remaining 134 patients, MT failed in
25 patients (mTICI 0 in 16 patients,

mTICI 1 in 2 patients, and mTICI 2a in 7 patients) and was
successful in 109 patients (mTICI 2b in 45 patients and mTICI
3 in 64 patients). In 48 patients, no evaluable thromboembolic
material was extracted. Thrombi suitable for histopathologic
analysis were retrieved from 86 patients, but 1 of these was
excluded due to the use of a nonstandard recanalization tech-
nique. Thus 85 patients and their thrombi were included in this
study.

Baseline characteristics, subtype of stroke, and preinter-
ventional imaging results of the studied patients are shown
in Table 2. Forty-five patients were directly admitted to our
center as emergency patients (52.9%), 33 patients (38.8%)
were referred to us by other hospitals, 5 patients developed
an acute cerebral artery occlusion as in-patients in our hos-
pital (5.9%), and in 2 patients (2.4%), artery occlusion was
diagnosed during an angiography. The initial CT was not
available for re-analysis in 11 of the patients transferred for
MT from other hospitals to our center. Interventional and
posttherapeutic parameters, including the duration of MT,
global recanalization success, and the ultimately successful

Table 2: Baseline characteristics and preinterventional imaging results of the studied
patientsa

Characteristics and Results
Total No. of patients 85
Sex (No.) 37 Men/48 women
Age (yr) 72.0 6 12.9
Vascular risk factors (No.) (multiple choices possible)

Atrial fibrillation 50 (58.8%)
Hypertension 70 (82.4%)
Diabetes 24 (28.2%)
High blood cholesterol levels 53 (62.4%)
Smoking 19 (22.4%)
Excessive alcohol intake 1 (1.2%)
Obesity 7 (8.2%)
Heart disease other than atrial fibrillation 44 (51.8%)

Patients with previous ischemic stroke (No.) 18 (21.2%)
Subtypes of ischemic stroke (No.)

Major-risk source cardiogenic embolism 51 (60.0%)
Large-artery atherosclerotic stenosis 16 (18.8%)
ESUS 17 (20.0%)
Unusual (eg, dissection) 1 (1.2%)

Initial NIHSS score 13 (0–28)
Initial stroke imaging (No.)

CT 83
DSA 2

Occlusion site (No.)
Internal carotid artery (intracranial) 28 (32.9%)
MCA, M1 segment 36 (42.4%)
MCA, M2 segment 10 (11.8%)
Basilar artery 9 (10.6%)
Anterior cerebral artery 1 (1.2%)
Posterior cerebral artery 1 (1.2%)

Dense artery sign (n ¼ 71 patients)b 43 (60.6%)
Mean thrombus attenuation (HU) (67 patients)b 58 (41–149)
Initial ASPECTS (in MCA ischemia; n ¼ 64 patients)b 10 (3–10)
Patients given IV tPA (No.) 52 (61.2%)
OTT (n ¼ 56 patients) (min)b 172 (96–782)

Note:—OTT indicates time interval between symptom onset and start of thrombectomy.
a Data are given as number (percent of total), mean 6 SD, or median (range).
b Data were not available from all 85 patients (On-line Table 1).
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recanalization technique with the number of retrieval
maneuvers, are given in Table 3.

Histologic Thrombus Composition
The quantitative contributions of fibrin, platelets, RBC, and
WBC to the investigated thrombi are shown in Fig 1. The per-
centage distribution of the different thrombus components is
shown in Table 3. Because blue staining for iron ions in sidero-
phages was always negative and neither calcifications nor collagen
fibers were detected, all thrombi were classified as fresh (ie, ,3
days old).

Subtypes of Stroke. Because there was just 1 patient with an
unusual stroke subtype, statistical comparisons were possible
only in cardioembolic, large-artery atherosclerotic stenosis
(LAA), and embolic stroke of undetermined source (ESUS)
subtypes.

The proportion of macrophages was significantly higher in
cardioembolic thrombi (0.9%, 0.1%–3.3%) than in LAA (0.3%,
0.1%–3.8%; P ¼ .021) or ESUS thrombi (0.4%, 0.0%–5.2%; P ¼
.037; Fig 2). Cardioembolic thrombi contained a higher propor-
tion of platelets (19.1%, 3.6%–81.1%) than LAA thrombi (10.3%,
2.3%–25.1%; P ¼ .003) and showed a tendency toward a higher
platelet proportion compared with ESUS thrombi (12.2%, 1.9%–
39.7%; P ¼ .099; Fig 2). LAA and ESUS thrombi did not differ
significantly with regard to platelet or macrophage content, nor
were other differences in thrombus composition found between
stroke subtypes.

Mechanical Thrombectomy. Thrombi
retrieved from patients who had
received intravenous rtPA contained
significantly less fibrin (38.4%, 2.8%–

66.4%) than those from patients
without rtPA administration (42.4%,
20.1%–68.2%; P ¼ .027), whereas no
correlation was found between rtPA
administration and the extent of
thrombus fragmentation. With regard
to the ultimately successful recanaliza-
tion technique, thrombi that could only
be retrieved using a combination of
contact aspiration and stent retrieval
had a significantly smaller proportion
of platelets (11.5%, 2.5%–35.3%) than
those that were removed by stent re-
trieval alone (18.4%, 5.2%–39.7%; P =
.034; Fig 2). Thrombi that were only
extractable using the combination tech-
nique had a significantly higher number
of fragments (13, 3–40) than thrombi
extractable by contact aspiration (8,
2–35; P ¼ .021) or stent retrieval alone
(7, 2–47; P ¼ .006; Fig 2). There was a
weak correlation between the number
of thrombus fragments and the re-
quired number of retrieving maneuvers
(r ¼ 0.365, P ¼ .001), procedural time

(r ¼ 0.356, P ¼ .001), and percentage of lymphocytes in the
thrombi (r¼ 0.229, P¼ .035).

DISCUSSION
This study showed, first, that cardioembolic thrombi had a higher
percentage of macrophages and a trend toward a higher percent-
age of platelets than thrombi of other stroke subtypes and, sec-
ond, thrombi presenting as severely fragmented for histologic
work-up had a higher lymphocyte content and often required the
combined application of contact aspiration and stent retrieval, as
well as more retrieving maneuvers and longer procedure times
for their removal.

Regarding stroke etiology, we observed a higher percentage of
macrophages and a trend toward a higher percentage of platelets
in cardioembolic thrombi than in LAA or ESUS thrombi, while
there were no such differences between LAA and ESUS stroke-
subtype thrombi. We interpreted this finding as an indication
that ESUS represents an embolism from an atherosclerotic plaque
rather than from an undetermined cardiac embolic source. This
is in line with the results of Boeckh-Behrens et al14 and Sporns
et al,15 who reported higher WBC and fibrin/platelet content in
cardioembolic thrombi, and with the findings of Maekawa et al,16

who reported an association between fibrin-rich thrombi and the
cardioembolic stroke subtype, though the latter did not differenti-
ate between fibrin and thrombocytes. The few published studies
with small numbers of examined thrombi did not find any associ-
ation between thrombus composition and stroke subtype.17-19 In
addition, contrary to our results, Kim et al20 reported a higher

Table 3: Interventional parameters including revascularization rates and data on histopa-
thologic thrombus compositiona

Parameters
Duration of thrombectomy (interval between first and last obtained DSA;

n ¼ 83 patients) (min)b
46 (4–260)

Achieved tissue reperfusion (No.)
mTICI 0 5 (5.9%)
mTICI 1 1 (1.2%)
mTICI 2a 2 (2.4%)
mTICI 2b 34 (40.0%)
mTICI 3 43 (50.6%)

Ultimately successful recanalization technique (No.)
Aspiration (number of passes, median and range) 2 (1–8) 47 (55.3%)
Stent retrieval (number of passes, median and range) 2 (1–5) 23 (27.1%)
Combined aspiration and stent retrieval (number of passes, median and

range) 3 (2–8)
15 (17.6%)

Occurrence of endovascular complications (No.) 19 (22.4%)
Occurrence of symptomatic hemorrhage (No.) 2 (2.4%)
ASPECTS 24 hr postthrombectomy (n ¼ 73 patients)b 8 (0–10)
NIHSS score at 2–14 days postthrombectomy (n ¼ 66 patients)b 3 (0–21)
Thrombus components (% from thrombus profile)

Fibrin 40.9 (2.8–68.2)
Platelets 16.1 (1.9–81.1)
RBC 41.7 (1.2–89.9)
WBC 2.6 (0.4–8.5)

Macrophages 0.7 (0.0–5.2)
Lymphocytes 0.3 (0.0–1.7)
Granulocytes 1.5 (0.0–7.1)

No. of thrombus fragments 8 (2–47)

Note:— DSA indicates digital subtraction angriography.
a Data are given as number and percentage or median and range.
b Data were not available in all 85 patients (On-line Table 1).
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FIG 1. Percentages of the different clot components. Each investigated thrombus is shown in its quantitative composition of fibrin, platelets,
red blood cells, and white blood cells (including macrophages, leukocytes, and granulocytes).
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proportion of RBC and a lower proportion of fibrin in cardioem-
bolic thrombi than in LAA thrombi. Nevertheless, because only 8
LAA thrombi were included in their study, its validity might be
questionable.

Most interesting, we found significant relationships between
thrombus composition and parameters of the MT procedure as
described above. This finding raises the following the question:
Was, for example, increased thrombus fragmentation caused by
the MT procedure itself, because thrombus fragmentation with
peripheral embolization is a known complication of MT, or was

the tendency of some thrombi to fragment due to their composi-
tion?21 It is possible that thrombi prone to fragmentation are
more difficult to remove by MT and require more retrieving
maneuvers consecutively, resulting in a longer procedural time.
The additionally observed relationship between lymphocyte con-
tent and the degree of thrombus fragmentation supports the
assumption of a lymphocyte-rich subgroup of thrombi that are
susceptible to fragmentation. This would support the hypothesis
that the greater extent of thrombus fragmentation was not exclu-
sively due to the recanalization procedure but was, to a certain

FIG 2. Differences between the different stroke subtypes in the proportions of platelets and macrophages (subunits A and B) and differences
between the individual thrombi in the proportions of platelets and the number of fragments that were ultimately retrieved by contact aspira-
tion alone, stent retrieval alone, or a combination of the 2 techniques (subunits C and D).
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degree, an inherent tendency for these thrombi to fragment.
Because lymphocytes are known to play a role in thrombus for-
mation,19 might they not conceivably also make the thrombus
more prone to fragmentation? Our findings are partly in line
with those of Kaesmacher et al,22 who reported an association
between a higher content of neutrophil granulocytes and
increased periprocedural thrombus fragmentation but found
no relationship between thrombus stability and the overall
WBC content. We found that thrombi that had required the
combined approach of contact aspiration and stent retrieval
for their extraction had a lower proportion of platelets than
those that could be extracted by stent retrieval alone. We are
not quite sure how to interpret this finding, and the results of other
studies on this topic are of no assistance because they did not dif-
ferentiate between platelets and fibrin.16,17,22-24

Our study has several limitations. The first of these is a selection
bias. We were obviously able to examine only those thrombi
that could be retrieved, thus excluding thrombectomy-resistant
thrombi. A second limitation is the small number of retrieved
thrombi and the skewed distribution between the different stroke
subtypes. Finally, we had no information on the prevalence of pri-
marily fragmented thrombi because the preinterventional imaging
was unenhanced brain CT and CTA and we directly probed the
large vessel proximal to the suspected occlusion during MT.

CONCLUSIONS
We found that cardioembolic thrombi had a higher percentage of mac-
rophages and a tendency toward a higher percentage of platelets than
thrombi of the LAA or ESUS stroke subtype. We interpreted this find-
ing as an indication that ESUS represents embolism from an athero-
sclerotic plaque rather than from an undetermined cardiac embolic
source. Moreover, we observed an association between the extent of
thrombus fragmentation and both a more challenging mechanical
thrombectomy and a higher lymphocyte content. Thus, thrombus frag-
mentation might be caused not only by the recanalization procedure
but might also be due to an inherent feature of lymphocyte-rich and
difficult-to-retrieve thrombi.
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