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ABSTRACT

Endovascular therapy has become a promising alternative for patients who are ineligible for IV
thrombolysis or for whom it has failed. Greater knowledge about the composition of thromboem-
bolic material underlying the vascular occlusion in stroke patients may provide the means for
improving existing endovascular therapies and developing new treatment strategies. The objec-
tive of this article is to provide a review of clinical and experimental animal studies on the histol-
ogy, imaging correlation, and ultrastructure of thromboemboli retrieved during acute ischemic
stroke. Neurology® 2012;79 (Suppl 1):S63–S67

GLOSSARY
ECASS � European Cooperative Acute Stroke Study; HMCAS � hyperdense middle cerebral artery sign; IA � intra-arterial;
ICA � internal carotid artery; MCA � middle cerebral artery; MR � magnetic resonance; RBC � red blood cell; rtPA �
recombinant tissue plasminogen activator; SEM � scanning electron microscopy; TIMI � Thrombolysis in Myocardial
Ischemia.

Approximately 80% of all acute ischemic strokes are due to intracranial artery occlusion.1,2

Reperfusion remains the mainstay of acute ischemic stroke treatment, as it appears to be the
most beneficial of all therapeutic strategies for acute ischemic stroke.3–5 One of the major
limitations of thrombolysis is related to the resistance to enzymatic degradation due to excessive
cross-linking within mature embolic clots and emboli composed of cholesterol, calcium, or
other debris from atherosclerotic lesions.6 Endovascular therapy with intra-arterial (IA) throm-
bolysis and thrombectomy has thus become a promising alternative for patients who are ineli-
gible for IV thrombolysis or for whom it has failed; however, it is largely unknown whether
selection of specific endovascular therapies should take into account clot composition, which
may differ based on source of origin, site of occlusion, time to reperfusion, and other individual
patient factors.

Torvik and Jorgensen7 performed postmortem analysis of “recent” occlusions in the 1960s,
which at that time were defined as 1.5 months old. As a result of advances in neuroendovascu-
lar techniques and development of mechanical embolectomy devices, fresh clots can today be
quickly retrieved from patients presenting with acute ischemic stroke. The Merci Retriever
System (Concentric Medical, Mountain View, CA) has been the most widely studied device
designed to remove occlusive clots impacted within cerebral arteries.8–10 Emerging knowledge
about the composition of thromboembolic material retrieved from patients with acute ischemic
stroke may provide the means for improving upon existing reperfusion strategies and develop-
ing new therapeutic approaches.11

CLOT COMPOSITION STUDIES Light microscopy analysis. In 2006, Marder et al.12 published results of the
first systematic histologic analysis of thromboemboli removed from proximal, large intracranial cerebral
arteries of patients with acute ischemic stroke. Clots were obtained with the Merci Retriever System from 25
patients (15 men, 9 women; mean age, 56.9 years). Therapy was initiated within 8 hours of symptom onset or
beyond 8 hours (mean, 6.2 hours) if a large mismatch, suggestive of salvageable penumbra, was present on
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imaging. Vascular reperfusion after thrombectomy
was evaluated with a conventional angiogram utiliz-
ing a modified Thrombolysis in Myocardial Ischemia
(TIMI) scale.9,13

Their data showed no correlation of thrombus
histology with presumed stroke etiology, as each
thrombus was found to have similar individual com-
ponents. On the basis of the algorithm for TOAST
stroke subtypes, sources of embolism were cardiac
(16 patients), large vessel (4 patients), arterial dissec-
tion or procedural complication (3 patients), and
cryptogenic (2 patients). Light microscopy analysis
identified 75% of clots with several functional fea-
tures of platelet/fibrin accumulation, linear neutro-
phil/monocyte deposition, and erythrocyte-rich
accumulation, though each clot overall exhibited dis-
tinct histologic patterns. The authors attributed the
latter findings to random chaotic forces of shear and
turbulence imposed on sites of thrombus formation,
countering traditional dogma that a cardiac source
with slow flow led to development of “red” (erythro-
cyte) clots, whereas high flow in arteries formed
“white” (fibrin) clots.14 Additionally, extracted clots
may not have fully represented the composition of
native thrombi, indicating a different structure for
residual material still impacted in the vessel.

Clot histology did not differ with site of thrombo-
embolic occlusion, although there was correlation be-
tween thrombus size and location: middle cerebral
artery (MCA) clots were smaller (maximum width, 3
mm) than internal carotid artery (ICA) clots (maxi-
mum width, 5 mm). As previously demonstrated by
thrombolytic therapy trials in which MCA occlusions
had higher rates of recanalization than ICA occlusions,
the volume of thrombus to be dissolved might be more
critical than its structure for successful revasculariza-
tion.15 In this study, the site of vascular occlusion also
did not correlate with reperfusion. TIMI 2–3 flow was
achieved in 100% of ICA (12 of 12) vs 83% of MCA
(10 of 12) occlusions, indicating the technical ability of
the catheter to reach and remove the clots.

Finally, there was no association between throm-
bus histology and treatment response. There was
complete recanalization of the artery (TIMI 3) in
32% of patients, partial recanalization (TIMI 2) in
56%, and perfusion past the initial obstruction with-
out distal branch filling (TIMI 1) in 12%. The inter-
val between symptom onset and procedure initiation
did not impact recanalization rates, with TIMI 3 (5.3
hours), TIMI 2 (7.6 hours), and TIMI 1 (5.0 hours).
It was hypothesized that this could be due to the
thrombus being compressed very soon after occlud-
ing the artery.

Early vessel signs. Calcific emboli in more distal ves-
sels have been seen on CT scans of patients with

stroke16; however, calcific components and choles-
terol crystals were notably absent in the analysis,
likely because of the physical inability of the devices
to reach the more distal cortical branches, where
these types of emboli tend to lodge. A phase II trial
for MRI of thrombi with a fibrin-specific contrast
agent (EP-2104R, EPIX Pharmaceuticals, Lexing-
ton, MA) in 10 patients showed improved visualiza-
tion of thrombus enhancement in several vascular
territories from surrounding blood and soft tissues.17

The same probe was shown to be effective for imag-
ing thrombi with bimodal PET and magnetic reso-
nance (MR) in rat ICAs.18 The selective imaging of
thrombi may allow for more accurate identification
of their composition to assess impact on recanaliza-
tion rates after thrombectomy.

The hyperdense middle cerebral artery sign
(HMCAS) is a marker of thrombus in the middle
cerebral artery.19 The European Cooperative Acute
Stroke Study I (ECASS I) investigators performed a
secondary analysis of the 620 patients who received
IV recombinant tissue plasminogen activator (rtPA)
or placebo and found HMCAS in 107 patients
(17.7%).20 The presence of HMCAS correlated with
more severe initial neurologic deficits and early cere-
bral edema (p � 0.0001). Better neurologic recovery
was observed in patients with HMCAS treated with
rtPA. However, the efficacy of IV thrombolysis is
limited in patients with HMCAS, as demonstrated
by cerebral angiography to assess treatment response,
showing a recanalization rate of only 38% for proxi-
mal large-vessel occlusions.21

Radiologic signs may permit deduction of clot
composition to help identify IV rtPA nonresponders.
The relationship between clot composition and
HMCAS on head CT or blooming artifact on MRI
gradient echo scans was demonstrated in acute isch-
emic stroke patients.22 The findings were based on
MCA occlusions in 50 patients who underwent head
imaging followed by mechanical thrombectomy and
subsequent histopathologic analysis of retrieved
thrombi. CT scans of 20 patients showed HMCAS
in 50% of cases, whereas MRI gradient echo se-
quences performed in 32 patients revealed blooming
artifact in approximately 53%. Collectively, retrieved
clots were composed of 61% fibrin, 34% red blood
cells (RBCs), and 4% white blood cells. Predominant
composition among clots was 44% fibrin, 26%
RBCs, and 30% mixed. HMCAS was more associ-
ated with RBC-dominant (100%) and mixed (67%)
than fibrin-dominant (20%) clot histopathology. A
similar relationship was noted with blooming artifact
and pathologic substrate of clots: RBC-dominant,
100%; mixed, 63%; and fibrin-dominant, 25%. How-
ever, the presence of HMCAS and blooming artifact or
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thrombus histopathology was not predictive of stroke
severity or functional outcome.

Scanning electron microscopy analysis. The previous
studies employing light microscopy and subsequent
correlation with early vessel imaging characteristics
have given important insights about the histology of
thrombotic lesions,12,22 although they were limited
by their inability to analyze the ultrastructure of the
thrombus. This issue was recently addressed by
means of scanning electron microscopy (SEM) anal-
ysis of thromboembolic material retrieved from cere-
bral and cervical arteries of patients with acute
ischemic stroke.23

Clots were retrieved by means of the Merci device
(n � 16), Accunet device (n � 1), or direct thrombo-
aspiration with a guide catheter (n � 1). The occlusion
sites included the ICA (cervical: n � 2; intracranial:
n � 7; both: n � 1), MCA (n � 5), and basilar artery
(n � 3). Macroscopic analysis revealed the samples were
diverse in size, morphology, and fragmentation. Light
microscopy of the gross specimen revealed features sug-
gestive of a range of fluid dynamic forces that may have
acted on the thrombi. The red regions were located
where there was likely low flow or stasis or where the
thrombus was against the vessel wall, whereas white re-
gions were likely exposed to high shear flow (figure 1).
The organization of the thrombotic elements, e.g., fi-
brin, platelets, and red cells, was also diverse both within
each thrombus and across the various thrombi; hence,
these results are consistent with earlier findings of histo-
logic examination of clots with light microscopy.12

Two distinct structural patterns could be recog-
nized with SEM: 1) thrombus exhibiting advanced
maturity, where all the thrombotic elements were so
densely integrated that individual entities were not

clearly discernible (figure 2), suggesting a well-aged
and stable location that had sustained exposure to
shear flow; and 2) thrombus displaying distinct fi-
brin strands and trapped red cells, suggesting rela-
tively loose cross-linking, characteristic of an active
region where the thrombus was still in the process of
maturing and possibly of formation in regions of sta-
sis and recirculation (figure 3). These patterns were
seen in varying proportions among different patients.
In some cases, it was possible to link specific ultra-
structural findings to the presumed etiology underly-
ing the stroke. It is noteworthy that such a wide
variety of thrombi were recovered.

EXPERIMENTAL IN VIVO ANIMAL STUDIES
One of the major limitations in terms of the human
research about the composition of the material un-
derlying the causative thromboembolic occlusion in
stroke is related to the fact that not all occlusions can
be successfully treated by mechanical thrombectomy.
As such, it is quite possible that these refractory clots
have a different composition than the successfully re-
trieved clots. Better understanding of the nature of
nonretrieved clots would be theoretically more im-
portant, since those are the ones we currently cannot
adequately treat. Despite their own limitations, ex-
perimental animal stroke models may help overcome
some of these barriers.

Because the proportion of fibrin and erythrocytes
within thromboembolic material might play a role in

Figure 1 Thrombus under light microscopy

This thrombus segment features relatively smooth surface
morphology. There are intensely white and red sections,
suggesting exposure of certain regions to sustained high
shear flow and other regions to stasis, respectively. Arrows
indicate locations at which the scanning electron micros-
copy images shown here were taken.

Figure 2 Mature and organized thrombus

This scanning electron microscopy image at 3,000� shows
a tightly integrated structure where the cross-linking of
thrombotic components, i.e., red cells, fibrin, and platelets,
is so dense that the individual entities are no longer appar-
ent and have merged into a solid structure.
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level of response to thrombolysis, the effect of rtPA
was examined in embolic strokes due to either red
(erythrocyte) or white (fibrin) clots.24,25 rtPA infu-
sion was started 30 minutes after MCA occlusion in
23 rabbits. There was enhanced lysis of red clots
compared with white clots, and infarct volume was
reduced only in strokes caused by red clots (p �
0.01).25 These findings, along with the recent obser-
vations on correlation of clot composition with early
vessel signs, raise the possibility of predicting pre-
therapeutic efficacy of thrombolysis and should be
evaluated in future studies. Similarly, IA thromboly-
sis with rtPA an hour after ischemic stroke in a rat
model has been shown to promote more rapid reper-
fusion, based on MR measurements of MCA occlu-
sions, with spontaneously formed clots than with
thrombin-induced fibrin-rich clots.26 This difference in
response is likely attributed to a variation in mechanical
properties and molecular composition between clots.

DISCUSSION The review presented here demon-
strates the rationale behind evaluation of clot compo-
sition, as the studies provide important insights
about the histology, imaging aspects, and ultrastruc-
ture of thromboemboli, which cause the majority of
acute ischemic strokes. The histologic examination
of a large number of clots with light microscopy al-
lows for novel understanding of the pathogenesis of
and therapy for large-vessel ischemic stroke. The cor-
relation of clot histology with early vessel imaging

suggests a strong association between early vessel
signs (HMCAS or blooming artifact) and clots com-
posed predominantly of RBCs, whereas absence of
these imaging findings might suggest a fibrin-dominant
thrombus that might be more refractory to thrombo-
lytic drugs. SEM analysis has demonstrated different ul-
trastructural patterns being recognized within and
among thrombi causing cerebrovascular occlusion in
acute stroke patients, and additional analyses are under
way. Although at this point there is not enough evi-
dence to properly guide the selection of the most appro-
priate therapeutic strategy on the basis of clot
composition or presumed stroke etiopathogenesis, the
research discussed herein appears very promising. In-
creasing knowledge about the nature of thrombi, com-
bined with emerging data from in vivo animal studies,
has the potential to impact development of new reper-
fusion strategies and guide future endovascular treat-
ment approaches.
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