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Synopsis

With thrombectomy cerebral ischemic stroke treatment may change significantly now that clots 

are actually physically removed from the patient. This allows for analysis of the content of the 

clots as well as the correlation of the imaging findings and the clot behavior and morphology. In 

this paper we illustrate how the interaction of different clots varies in the clinical setting and how 

analysis of clot composition, as well as the search for new pharmacological targets, can lead to a 

better understanding of the pathophysiology and therapy resistance, in turn providing possibilities 

for a better approach in the treatment.

Conventional treatment of cerebral ischemic stroke was based on recanalizing arteries by use 

of thrombolytic agents and, if indicated, hemicraniectomy. The results of this approach, with 

only 10% of patients receiving the drug and only 50% thereof responding postively1,2, has 

led to the continued search for alternative treatments. Since 2015 the first line treatment of 

ischemic stroke has changed dramatically with the publication of the so-called ‘positive 

trials’ 3–7, which showed benefit of endovascular stroke treatment. The neurointerventional 

field has started to implement this new strategy in a rapid pace in conjunction with, and 

sometimes even replacing, traditional medical stroke therapy.

With the development of newer devices and extensive research that is being done, we are 

confronted with previously unknown hurdles in our endovascular procedures. One of the 

most important obstacles is the fact that clots tend to differ in consistency and removability. 
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On one hand we can face a clot that comes out with simple proximal aspiration or 

thrombectomy but in a next case we may be faced with a clot that is too resilient to be 

removed by any of the devices we have at hand. The next case examples show the high 

variability and, so far, unpredictable nature of the clots in the stroke cases we face on a daily 

basis.

Case 1

A 67 y/o female presented with sudden onset right sided hemiparesis and aphasia. 

Thrombectomy was performed after CT and CTA showed an M1 occlusion without 

hyperdense vessel sign. Four passes with a Solitaire 4×40 (Medtronic, Minneapolis, 

Minnesota, USA) were needed in order to achieve full recanalization. (Figure 1)

Case 2

A 40 year old female, previously known for an occipital infarct 1 month earlier, came to the 

hospital for cardiac complications due to her anorexia nervosa. During her stay in the ward 

she developed new stroke like symptoms which, based on the CT angiography and CT 

perfusion images was caused by a thrombus in the left MCA bifurcation. Thrombectomy 

was attempted but the clot seemed very sticky and only after the 6th pass with several 

devices (Solitaire, Medtronic, Minneapolis, Minnesota, Capture Mindframe/Medtronic) the 

clot was removed. As a complication a small amount of blood and contrast was seen in the 

subarachnoid space. The image of the clot shows how the texture is totally different from 

other clots we normally encounter and that have a more heterogenous appearance. (Figure 2)

Case 3

A 72 y/o female with progressive dyspnea and a history of 60 pack years, and a malignant 

melanoma in the face 3 years earlier, was found lying on the floor showing a full hemiplegia 

and aphasia. Thrombectomy of a non-hyperdense MCA trifurcation clot, performed within 3 

hours from onset, resulted in a 10 pass procedure using three different devices (Solitaire, 

Medtronic, Minneapolis, Minnesota, Capture Mindframe/Medtronic, Embotrap Neuravi/

Cerenovus, Galway, Ireland). The clot could not be removed and appeared to be firmly 

attached to the wall of the artery. The size and shape of the clot changed due to 

manipulations and the rounded structure can be seen as a filling defect in the artery. After 

the futile thrombectomy the patient was further analyzed for increasing dyspnea. She died 

of, previously undiagnosed, lung cancer within the next three weeks after only moderately 

recovering from her stroke. (Figure 3)

Case 4

A 24 y/o female, who underwent an aortic root replacement, did not wake up after the 

surgery. She was analysed using non-contrast CT which showed a long hyperdense clot on 

the left side reaching from the carotid termination into the left MCA trifurcation. She was 

immediately taken to the angiosuite and underwent successful thrombectomy with full flow 

restoration. The clot had a dark appearance, which is consistent with a high red blood cell 

content, subsequently supported by the histological imaging using H&E staining. (Figure 4)
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These four examples show that both efficacy of treatment and appearance of clot can be 

highly variable between patient cases. In our own experience thrombectomies are more 

likely to be difficult in patients with for example lung cancer or long standing clot that is 

dislodged from the aortic arch than the fresh red blood cell rich clots. The mechanisms 

behind this are still largely unclear, and one can only postulate that paraneoplastic clots have 

a different composition, and therefore behavior, compared to atherosclerotic clots or clots of 

cardiac origin. Bench top observations showed that fibrin rich clots are more sticky than 

pure red blood cell clots on thrombectomy. This further supports the hypothesis that, besides 

patient related factors, clot properties influence thrombectomy failure or success to a large 

extent.

The problems due to clot variations are, however, not specific for endovascular therapies. 

For both pharmacological thrombolysis and mechanical thrombectomy, the culprit thrombus 

itself is indeed the primary target of therapy. Therefore, better understanding of clot 

composition, physical properties, behavior, and how these occlusive thrombi interact with 

their environment will contribute to future advancements in patient treatment and hopefully 

improved clinical outcomes. The clot analysis studies of Liebeskind et al., Boeckh-Behrens 

et al. and Cline et al. showed the distribution of fibrin, leucocytes and red blood cells in clots 

harvested after thrombectomy.8–10 The spread in content of each of the components, 

between the different clots, is striking and a composite of the results of these three cohorts is 

presented in Figure 5. Since the clot analysis could only be performed on clots that were 

actually retrieved, it remains a question what the exact content of the resilient, unremovable, 

clots has been.

Gunning et al. recently published a study looking into the friction coefficient in relation to 

red blood cell and fibrin content of the clot.11 The study showed that the fibrin rich clots had 

a significantly higher friction than the clots with high red blood cell content. In the same 

study clots were tested after compression simulating ‘repeated stent retriever manipulation’. 

The increase in friction coefficient after manipulation was dramatic, suggesting that there 

may as well be a potential increase in friction after multiple thrombectomy attempts in real 

life. This would explain why a resilient clot seems to be responding even less and less to 

subsequent thrombectomy attempts.

Previous studies indicate that thrombus composition can provide insights into stroke 

etiology, recanalization outcomes, and moreover guide development of newer technologies 

in stroke treatment.8,12–16 A number of recently published studies have even demonstrated 

that clot composition can impact the choice of revascularization techniques due to 

differences in clot-device interactions17,18. The ability to retrieve and study fresh thrombi in 

acute stroke patients has opened a whole new door in the study of stroke pathogenesis and 

treatment. In this section we will review the current state-of-the-art literature in the study of 

clot in stroke.

Clot Composition Analysis

As seen in other vascular beds, the typical composition of clot in stroke is a mixture of 

fibrin, platelets, white blood cells and red blood cells. Various histological stains have been 
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applied in the study of clot including standard hematoxylin and eosin (H&E), Elastic van 

Gieson, Mallory’s Trichrome, and Martius Scarlet Blue which allow for detailed analysis of 

the above-listed clot components. Most of the current studies in the literature report 

quantitative values for each of these components when studying clot phenotype9. The most 

commonly used terms in describing clot composition are Red Blood Cell (RBC) rich/poor 

and Fibrin rich/poor as these components make up a majority of the composition of clots 

seen in acute ischemic stroke patients.19

More recently, there has been growing interest in molecular markers of clot composition 

including evaluation of von Willebrand Factor (VWF), T-cells (CD3), neutrophils 

macrophages and endothelial cells. There is growing interest in electron microscopy as a 

tool in clot characterization, however it is not yet widely applied.19 For the purposes of 

clarity we will, in this section, focus primarily on the ‘basics’ of clot composition: fibrin, 

platelets, white blood cells and red blood cells and we will cover the VWF and neutrophils 

in the separate section on ‘potential pharmacological thrombus targets for treatment’ in this 

paper.

Clot Composition and Stroke Etiology Recanalization Outcomes

There is a growing body of literature examining the association between clot composition 

and stroke etiology. To date, a majority of published studies have failed to identify an 

association between red blood cell and fibrin composition and stroke etiology. Thus, in order 

to better identify clot characteristics associated with stroke etiology, some investigators have 

turned to the study of components including white blood cell (WBC) composition and 

characteristics.20 T-cells have been an interesting target in some studies as these cells have 

been shown to be a major component of atherosclerotic lesions. In a study of 54 consecutive 

thrombi retrieved during mechanical thrombectomy, one group found that the number of T-

cells was significantly higher in thrombi from atherosclerotic plaques than those from a 

cardioembolic source.21 Because the final step in plaque destabilization and rupture includes 

the release of elastase and metalloproteinases from activated T-cells, the idea that T-cell 

composition would be higher in atheroembolic clots seems logical.21 Ultimately, larger 

studies are needed to determine if indeed there is a consistent association between clot 

composition, both cellular and molecular, and stroke etiology.

Clot Composition and Recanalization

Studies examining association between clot composition and recanalization rates have more 

or less consistently found a strong association between RBC density and ease of 

recanalization with both fibrinolytic therapies and endovascular techniques. The improved 

recanalization rates of RBC rich clots over those which are composed of fibrin is likely due 

to a combination of decreased stiffness of RBC rich clots-thus allowing for improved clot-

device interaction, decreased friction of RBC rich clots with the vessel wall, thus allowing 

for easier clot extraction and increased permeability of RBC rich clots, thus allowing 

improved permeability of thrombolytic agents.20

To date there have been no in vivo studies comparing recanalization rates of various 

techniques and devices in revascularization of fibrin rich or RBC rich clots. However, there 
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are some in vitro data suggesting the benefit of unique stent-retriever designs for the 

treatment of stiffer, fibrin rich thrombi. In a study comparing the Geometric Clot Extractor 

(GCE), a stent-retriever with a curved spiral configuration, to the Solitaire Stent-retriever, 

Fennell et al. found that the GCE had a success rate of 100% for retrieving fibrin rich 

thrombi compared to just 8% for the Solitaire device.22 There are also data to suggest that 

RBC rich thrombi are more prone to fragmentation, highlighting the need for proximal flow 

arrest with balloon guide catheters when revascularizing these types of clots.23,24

Clot Imaging Techniques

CT and MRI are the mainstay of stroke imaging in North America and Europe. Both non-

contrast CT and CT angiography are useful in characterization of clot. When evaluating clot 

on non-contrast CT, the use of thin-slice (<2.5mm) CT is strongly recommended. This is due 

to the fact that a number of studies have shown that thin slice CT is more sensitive and 

specific in identifying hyperdense thrombus and more accurately measures thrombus length 

due to the fact that thin-slice CT minimizes partial volume averaging with the adjacent brain 

parenchyma and CSF.25 (see Figure 6) Characteristics that can be easily discerned on thin-

slice CT include thrombus density (in Hounsfield units), clot location and clot length-

variables which have been shown to be strongly correlated with angiographic outcomes after 

mechanical thrombectomy.

CT angiography (also using thin-section CT) is a very useful tool in clot imaging. 

Identification of the ‘contrast gap’ between the proximal and distal end of the clot is useful 

in assessing clot length and thus aiding in device choice, especially stent-retriever type and 

length.26 CTA can also be useful in assessing the clot-burden score, a semiquantitative 

method of measuring the extent of thrombus on CTA.27 Delayed-phase CTA is particularly 

useful in assessing clot burden and thrombus length as it can take time for contrast to make it 

to the distal face of the clot. There has been growing interest in the assessment of clot 

perviousness/permeability to iodinated contrast as increasing density/enhancement of clot on 

CTA has been shown to be associated with revascularization outcomes.28

MRI has substantial theoretical advantages over CT. The use of multi-contrast MRI allows 

one to assess multiple different elements of thrombus composition. While there are currently 

some in vitro data supporting the use T1, T2 and FLAIR in clot evaluation, susceptibility 

weighted imaging (SW) is the mainstay of clot imaging on MRI due to the consistent 

presence of blooming artifact associated with most clots. SWI can also allow for evaluation 

of tiny distal emboli that may have showered in the initial ictus. One disadvantage of MRI in 

clot evaluation is the inability to assess clot length on non-contrast MRI.29 The presence of 

blooming artifact on SWI results in overestimation of clot length. This can be obviated by 

using post-contrast MR angiography. Evaluation of MIP images in post-contrast MR 

angiography for the presence of a contrast gap has been shown be a useful tool in assessment 

of clot length.29

Association Between Imaging Findings and Clot Composition

Conventional imaging techniques (i.e. non-contrast CT and MRI) are fairly accurate in 

characterization of clot composition. Studies examining the association between non-
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contrast CT findings and clot composition are very consistent in demonstrating that the 

proportion of RBCs is strongly correlated with clot density. In general, hyperdense thrombi 

on CT are RBC rich across all energies. There is some preliminary in vitro data to suggest 

that dual energy CT may have some added utility in distinguishing between RBC and fibrin 

rich clots, however this has yet to be studied in vivo.30 In terms of MRI, hypointense 

thrombi on T2* imaging have been shown to have higher RBC content.31 This is secondary 

to increased iron density in the RBC rich thrombi which results in blooming artifact.8

alization

A number of studies have reported the association between imaging findings and 

recanalization rates. In a systematic review and meta-analysis, one group found that patients 

with good angiographic outcomes had higher mean clot density than those with poor 

angiographic outcomes-both with tPA and mechanical thrombectomy.20 In addition, patients 

with a hyperdense artery sign were more likely to have a good angiographic outcome than 

those without. This is logical given the fact that hyperdense artery sign is associated with 

RBC rich thrombi, and RBC rich thrombi are easier to be removed by thrombectomy.20 

Increasing clot length has also been shown to be associated with poorer angiographic 

outcomes.32

Studies of clot perviousness have generally demonstrated a consistent association between 

clot perviousness and revascularization outcomes. In a study of 221 patients receiving thin-

slice multiphase CTA, Santos et al. found that increased attenuation of thrombus during the 

arterial phase of CTA was strongly associated with functional and angiographic outcomes, 

while delayed phase imaging added no value.28 A similar finding was demonstrated by the 

publication by the entire MR CLEAN group.33 In a study examining clot perviousness and 

tPA outcomes, the DUST investigators found that permeable thrombi were more responsive 

to tPA than those which were impermeable to contrast.34

It is likely that the knowledge about clot consistency before treatment would influence the 

choice of the most effective thrombectomy device. The medical management of stroke may 

however benefit to a similar extent. If the target is clear the therapy can be adapted 

accordingly by using the right pharmacological agents.

Potential pharmacological thrombus targets for treatment

Given the limitations of current fibrinolytic therapy, there is an unmet need for alternative 

and improved thrombolytic agents. Depending on local guidelines, t-PA can only be 

administered in the limited time window of 4.5–6 hours after the onset of stroke due to the 

unacceptable risk of cerebral bleeding when treatment is delayed. As a consequence, t-PA 

treatment is available to less than 10% of patients.1 Remarkably, t-PA results in 

recanalization only in less than half of the patients that receive it.2 Factors that contribute to 

this so-called ‘t-PA resistance’ are not well understood but thrombus composition is a likely 

candidate determining fibrinolytic success rates. Various studies demonstrated that in 

particular arterial platelet-rich clots are more resistant to thrombolysis with t-PA.35–38 By 

studying stroke thrombi, our understanding of fibrin clot composition has much improved 
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over the last years and other new potential targets for thrombolytic therapy have been 

identified. Some of those will be discussed in the next section

Fibrin

Since its FDA approval in 1996, t-PA has become the standard pharmacological intervention 

for thrombolysis in acute ischemic stroke. As part of the plasminogen activator system, t-PA 

promotes proteolytic activation of plasminogen to plasmin, which in turn is responsible for 

the enzymatic degradation of the fibrin mesh in a thrombus. Histological studies of ischemic 

stroke thrombi typically revealed a heterogenous pattern of fibrin-rich areas in thrombi, with 

a wide range of fibrin amounts.9,40,41 Various preclinical studies demonstrated that, in 

particular, arterial platelet and fibrin-rich clots are more resistant to thrombolysis with t-PA 

compared to erythrocyte-rich thrombi.35,36,38 Interestingly, Choi et al. recently found that 

also patients with higher amounts of fibrin and platelets in their thrombi were less 

responsive to intravenous thrombolysis.41 Fibrin structure is controlled by the environment 

in which the thrombus has been formed. In particular, stroke thrombi of cardioembolic 

origin are associated with a higher content of fibrin.9,39,40,42,43 More research on human 

thrombus material is needed to investigate how fibrin characteristics determine success rates 

of t-PA treatment. In this context, it will also be interesting to investigate the relative 

presence of potential inhibitors of fibrinolysis, such as α2-antiplasmin, plasminogen 

activator inhibitor-1 and thrombin activatable fibrinolsyis inhibitor.

Von Willebrand factor

In the past decade, von Willebrand factor (VWF) is gaining increasing attention as an 

important factor in stroke pathology.44 VWF is a large multimeric plasma glycoprotein that 

mediates thrombus formation by recruiting platelets at sites of vascular injury. Together with 

fibrin(ogen), VWF links platelets together, further stabilizing the platelet thrombus.44,45 

Besides its thromboinflammatory role in cerebral ischemia/reperfusion injury 46–49, recent 

findings point towards VWF as an attractive novel target to enhance thrombolysis. Via 

immunohistochemical staining for VWF, a recent study revealed that stroke thrombi 

retrieved from stroke patients contained significant amounts of VWF (Figure 7, A and B).50 

VWF was present in all thrombi, with amounts ranging from 5 to 50% of the thrombus 

content.

VWF can be cleaved by the metalloprotease ADAMTS13 (a disintegrin and 

metalloproteinase with a thrombospondin type 1 motif, member 13). By cleaving the 

Y1605–M1606 bond in the VWF A2 domain, ADAMTS13 digests VWF into smaller, less 

thrombogenic multimers. Following the hypothesis that ADAMTS13 can exert a 

thrombolytic effect in the setting of stroke, a mouse model was used in which the middle 

cerebral artery (MCA) was occluded by VWF-rich thrombi.50 Interestingly, infusion of t-PA 

did not lyse these MCA occlusions but administration of ADAMTS13 dose-dependently 

dissolved these t-PA-resistant thrombi without bleeding side effects (Figure 7, C). As a 

result, fast restoration of MCA patency was achieved, which was associated with reduced 

cerebral infarct sizes 24 hours after initial occlusion.50 These results indicate that VWF 

could become a new target for improved thrombolytic activity in stroke. Besides cleaving by 

ADAMTS13, VWF can also be targeted to promote thrombolysis by blockade of the VWF-
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platelet interaction or by reducing the VWF monomer-monomer disulfide bonds by N-

acetyl-cysteine.51–53 Targeting VWF could prove particularly helpful for cases in which t-

PA is ineffective. VWF content was significantly higher in thrombi retrieved after IV rt-PA 

use, compared to thrombi retrieved in primary thrombectomy, supporting the idea that 

thrombi resistant to intravenous thrombolysis may indeed be rich in VWF.54 Of note, an 

inverse VWF can be cleaved by the metalloprotease ADAMTS13 (a disintegrin and 

metalloproteinase with a thrombospondin type 1 motif, member 13). By cleaving the 

Y1605–M1606 bond in the VWF A2 domain, ADAMTS13 digests VWF into smaller, less 

thrombogenic multimers. Following the hypothesis that ADAMTS13 can exert a 

thrombolytic effect in the setting of stroke, a mouse model was used in which the middle 

cerebral artery (MCA) was occluded by VWF-rich thrombi.50 Interestingly, infusion of t-PA 

did not lyse these MCA occlusions but administration of ADAMTS13 dose-dependently 

dissolved these t-PA-resistant thrombi without bleeding side effects (Figure 7, C). As a 

result, fast restoration of MCA patency was achieved, which was associated with reduced 

cerebral infarct sizes 24 hours after initial occlusion.50 These results indicate that VWF 

could become a new target for improved thrombolytic activity in stroke. Besides cleaving by 

ADAMTS13, VWF can also be targeted to promote thrombolysis by blockade of the VWF-

platelet interaction or by reducing the VWF monomer-monomer disulfide bonds by N-

acetyl-cysteine.51–53 Targeting VWF could prove particularly helpful for cases in which t-

PA is ineffective. VWF content was significantly higher in thrombi retrieved after IV rt-PA 

use, compared to thrombi retrieved in primary thrombectomy, supporting the idea that 

thrombi resistant to intravenous thrombolysis may indeed be rich in VWF.54 Of note, an 

inverse correlation was found between the amount of VWF and the amount of red blood cell 

content in stroke thrombi.50 Since radiological imaging upon patient admission is able to 

predict thrombus red cell content,8,55 such information could become helpful to identify 

those patients who particularly benefit from ADAMTS13 treatment.

Neutrophil extracellular traps

Despite the large general variability in clot composition, leukocytes have been found to be 

consistently present in ischemic stroke thrombi.8,9,39 Via specific immunostaining of stroke 

patient thrombi, Laridan et al. showed that neutrophils are a commonly found leukocyte in 

these thrombi.56 Furthermore, this study also revealed the presence of neutrophil 

extracellular traps (NETs). Initially described as a novel form of neutrophil-mediated 

immunity, NETs form through the release of decondensated chromatin that is lined with 

granular components, creating fibrous structures.57 It has become clear that, apart form their 

antimicrobial properties, NETs are also implicated in thrombus formation.58 NETs form a 

scaffold for platelets and red blood cells and influence the coagulation cascade.59

Histological H&E analysis of stroke thrombi revealed prominent extracellular nucleic acid-

rich areas that were located in neutrophil-rich zones.56 Selected immunostainings showed 

the presence of specific NETs-markers on these extracellular DNA strands, demonstrating 

their neutrophilic origin (Figure 8). Such extensive DNA networks were found in all 

thrombi, indicating that NETs are a common component of ischemic stroke thrombi. 

Leukocytes, but also NETs, are reported to be more abundant in stroke thrombi of 

cardioembolic origin. 9,56 This observation suggests that NETs might be specifically 
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involved in thrombi formed in conditions of stasis, which is in agreement with Savchenko et 

al. who found NET accumulation in human venous thrombi.60 These new insights led to the 

hypothesis that NETs could also become a new target for thrombolysis. Serving as a 

thrombotic scaffold, NETs most likely contribute to overall thrombus stability and might 

confer resistance to fibrinolytic therapy as recently shown by Ducroux et al.61 DNA is know 

to be degraded by DNases, which were recently shown to prevent vascular occlusion.62 

Interestingly, addition of DNase 1 significantly improved t-PA-mediated ex vivo dissolution 

of thrombi freshly retrieved from stroke patients (Figure 8).57 DNase 1 was similarly shown 

to improve thrombolytic activity of coronary thrombi 63 and, in addition, it also reduces 

ischemic brain injury in mice.64

DNase 1 already is a safe, low-cost, FDA-approved drug routinely used for cystic fibrosis to 

clear extracellular DNA in the lungs. Additional studies are needed to further assess the 

prothrombolytic potential of DNase 1 in the setting of stroke.

Conclusion

Stroke thrombi are complex targets, containing various amounts of different cellular and 

molecular components. Emerging insights on thrombus composition provide valuable 

information that can stimulate the development of alternative and better strategies to 

efficiently remove the occluding thrombus. Promising new approaches are under 

development to improve mechanical thrombectomy but also for improved pharmacological 

approaches, including targeting VWF and NETs by ADAMTS13 and DNase 1. Combination 

of these new strategies with standard t-PA could potentially allow decreasing the dose of t-

PA utilized, limiting its side effects and potentially increasing the therapeutic time window. 

Especially in light of current limitations in stroke therapy, it will be interesting to follow 

future research in this area.
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FIGURE 1. 
Clot Attenuation and Composition and Revascularization: Fibrin Rich Clot. 67-year-old 

female with acute onset right sided hemiparesis and aphasia.

A. Non-contrast CT using thin-section 1mm reconstruction shows no hyperdense vessel.

B. Left ICA cerebral angiogram shows occlusion of the left MCA. Four passes with a 

Solitaire 4×40 were needed to open the vessel.

C. Gross photo of the retrieved clot shows white clot consistent with fibrin rich thrombus.

D. H&E stain shows that a majority of the clot was composed of fibrin, the overall clot 

composition was 90% fibrin and 7%RBCs.
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FIGURE 2. 
A Older right occipital infarct, no clear infarct signs in left hemisphere

B Perfusion imaging showing tissue at risk in the left hemisphere and a frontal manifest 

infarction

C Resilient clot taken out after 6 attempts

D Subarachnoid hemorrhage due to thrombectomy

E The clot appears relatively homogeneous, glazy, reddish-purple and from a uncommon 

consistency
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FIGURE 3. 
A CTA showing the occlusion (arrow) in the MCA trifurcation and good collaterals

B Perfusion imaging showing a defect in the Blood Flow but maintained Blood Volume 

(arrows)

C Persistent occlusion (arrow) after 10 passes with multiple devices. Procedure stopped 

because of to futile attempts and moderate to good collateral circulation

D Tumor in left apical segment of the lung (arrow)
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FIGURE 4. 
Clot Attenuation and Composition and Revascularization: RBC Rich Clot. A 24 year old 

female status post aortic root replacement who was not waking up two hours after surgery.

A. Non-contrast CT shows a long hyperdense thrombus of the left MCA.

B. The patient was taken straight to angiography which confirmed the left MCA occlusion. 

One pass with a 6cm Solitaire was needed to revascularized the occlusion.

C. Gross photo of the clot shows dark red clot consisted with an RBC rich thrombus.

D. H&E stain shows that a majority of the clot was composed of RBCs (94% RBC density).
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FIGURE 5. 
Histopathologic clot composition

Composition distribution of Red Blood Cells (RBC) Fibrin and White Blood Cells (WBC) in 

100 clots retrieved from cerebral ischemic stroke patients. (Courtesy of M. Mirza MD, 

Neuravi/Cerenovus, Galway, Ireland)
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FIGURE 6. 
Utility of Thin-Slice CT in Identifying Hyperdense Artery Sign. 75 year old male with acute 

onset right sided hemiparesis and aphasia. A. Non-contrast CT with 5mm slice thickness 

shows no evidence of hyperdense artery sign on the left (arrow). B. 0.5mm slice thickness 

reconstruction shows a hyperdense left MCA (arrow). C. The occlusion was confirmed on 

CT angiography (arrow).
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FIGURE 7. 
VWF in ischemic stroke thrombi.

Intracranial thrombi retrieved from stroke patients that underwent thrombectomy procedure 

were collected for histological analysis. Consecutive thrombi sections were stained with 

H&E, Martius Scarlet Blue (MSB) and anti-VWF antibodies. Classical H&E staining show 

overall thrombus composition and organization. On MSB staining, red areas show the 

presence of fibrin whereas red blood cells appear yellow. Varying amounts of VWF (brown 

color) were found in all the thrombi Two representative patient thrombi are shown 

illustrating a VWF-rich thrombus (A) and a RBC-rich, VWF-poor thrombus (B). Scale bar: 

50μm. (C) An occlusive thrombus was generated in the right MCA of C57Bl/6J mice. Five 

minutes after occlusion, vehicle, t-PA or different doses of rhADAMTS13 were 

intravenously administered (arrow) and MCA blood flow was monitored for 60 minutes. 

Average blood flow profiles show that rhADAMTS13 restores MCA blood flow in a dose 

dependent way, while t-PA was unable to restore blood vessel patency. (n = 10 and 8 mice 

respectively for vehicle and 3500U/kg rhADAMTS13, n = 5 for the lower doses of 

rhADAMTS13 and t-PA; *, p < 0.05; **, p < 0.01; ****, p < 0.001; compared with vehicle).
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Adapted from Denorme F, Langhauser F, Desender L, et al. ADAMTS13-mediated 

thrombolysis of t-PA-resistant occlusions in ischemic stroke in mice. Blood. 2016;127(19):

2337–2345; with permission.
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FIGURE 8. 
Neutrophil extracellular traps in ischemic stroke thrombi. Intracranial thrombi retrieved from 

stroke patients that underwent thrombectomy procedure were collected for histological 

analysis. Consecutive thrombi sections were stained with H&E and antibodies against 

citrullinated histones (H3Cit), a marker of NET-formation. Extracellular zones of nuclear 

material were often observed on H&E stainings (left), which were also positive for H3Cit 

(right). Scale bars: 10 μm. Right: Fresh thrombi (n=8) retrieved from ischemic stroke 

patients, were used for ex vivo lysis experiments. The thrombus parts were incubated for 120 

min at 37°C in the presence of either t-PA alone (black) or t-PA plus DNase 1 (grey). 

Thrombus weight (percentage of original weight) was measured at time points 0, 10, 30, 60 

and 120 minutes. Data are represented as mean with SD (** p < 0.01).

Adapted from Laridan E, Denorme F, Desender L, et al. Neutrophil extracellular traps in 

ischemic stroke thrombi. Ann Neurol. 2017; 313:1451–10; with permission.
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	Synopsis
	Conventional treatment of cerebral ischemic stroke was based on recanalizing arteries by use of thrombolytic agents and, if indicated, hemicraniectomy. The results of this approach, with only 10% of patients receiving the drug and only 50% thereof responding postively1,2, has led to the continued search for alternative treatments. Since 2015 the first line treatment of ischemic stroke has changed dramatically with the publication of the so-called ‘positive trials’ 3–7, which showed benefit of endovascular stroke treatment. The neurointerventional field has started to implement this new strategy in a rapid pace in conjunction with, and sometimes even replacing, traditional medical stroke therapy.With the development of newer devices and extensive research that is being done, we are confronted with previously unknown hurdles in our endovascular procedures. One of the most important obstacles is the fact that clots tend to differ in consistency and removability. On one hand we can face a clot that comes out with simple proximal aspiration or thrombectomy but in a next case we may be faced with a clot that is too resilient to be removed by any of the devices we have at hand. The next case examples show the high variability and, so far, unpredictable nature of the clots in the stroke cases we face on a daily basis.Case 1A 67 y/o female presented with sudden onset right sided hemiparesis and aphasia. Thrombectomy was performed after CT and CTA showed an M1 occlusion without hyperdense vessel sign. Four passes with a Solitaire 4×40 (Medtronic, Minneapolis, Minnesota, USA) were needed in order to achieve full recanalization. (Figure 1)Case 2A 40 year old female, previously known for an occipital infarct 1 month earlier, came to the hospital for cardiac complications due to her anorexia nervosa. During her stay in the ward she developed new stroke like symptoms which, based on the CT angiography and CT perfusion images was caused by a thrombus in the left MCA bifurcation. Thrombectomy was attempted but the clot seemed very sticky and only after the 6th pass with several devices (Solitaire, Medtronic, Minneapolis, Minnesota, Capture Mindframe/Medtronic) the clot was removed. As a complication a small amount of blood and contrast was seen in the subarachnoid space. The image of the clot shows how the texture is totally different from other clots we normally encounter and that have a more heterogenous appearance. (Figure 2)Case 3A 72 y/o female with progressive dyspnea and a history of 60 pack years, and a malignant melanoma in the face 3 years earlier, was found lying on the floor showing a full hemiplegia and aphasia. Thrombectomy of a non-hyperdense MCA trifurcation clot, performed within 3 hours from onset, resulted in a 10 pass procedure using three different devices (Solitaire, Medtronic, Minneapolis, Minnesota, Capture Mindframe/Medtronic, Embotrap Neuravi/Cerenovus, Galway, Ireland). The clot could not be removed and appeared to be firmly attached to the wall of the artery. The size and shape of the clot changed due to manipulations and the rounded structure can be seen as a filling defect in the artery. After the futile thrombectomy the patient was further analyzed for increasing dyspnea. She died of, previously undiagnosed, lung cancer within the next three weeks after only moderately recovering from her stroke. (Figure 3)Case 4A 24 y/o female, who underwent an aortic root replacement, did not wake up after the surgery. She was analysed using non-contrast CT which showed a long hyperdense clot on the left side reaching from the carotid termination into the left MCA trifurcation. She was immediately taken to the angiosuite and underwent successful thrombectomy with full flow restoration. The clot had a dark appearance, which is consistent with a high red blood cell content, subsequently supported by the histological imaging using H&E staining. (Figure 4)These four examples show that both efficacy of treatment and appearance of clot can be highly variable between patient cases. In our own experience thrombectomies are more likely to be difficult in patients with for example lung cancer or long standing clot that is dislodged from the aortic arch than the fresh red blood cell rich clots. The mechanisms behind this are still largely unclear, and one can only postulate that paraneoplastic clots have a different composition, and therefore behavior, compared to atherosclerotic clots or clots of cardiac origin. Bench top observations showed that fibrin rich clots are more sticky than pure red blood cell clots on thrombectomy. This further supports the hypothesis that, besides patient related factors, clot properties influence thrombectomy failure or success to a large extent.The problems due to clot variations are, however, not specific for endovascular therapies. For both pharmacological thrombolysis and mechanical thrombectomy, the culprit thrombus itself is indeed the primary target of therapy. Therefore, better understanding of clot composition, physical properties, behavior, and how these occlusive thrombi interact with their environment will contribute to future advancements in patient treatment and hopefully improved clinical outcomes. The clot analysis studies of Liebeskind et al., Boeckh-Behrens et al. and Cline et al. showed the distribution of fibrin, leucocytes and red blood cells in clots harvested after thrombectomy.8–10 The spread in content of each of the components, between the different clots, is striking and a composite of the results of these three cohorts is presented in Figure 5. Since the clot analysis could only be performed on clots that were actually retrieved, it remains a question what the exact content of the resilient, unremovable, clots has been.Gunning et al. recently published a study looking into the friction coefficient in relation to red blood cell and fibrin content of the clot.11 The study showed that the fibrin rich clots had a significantly higher friction than the clots with high red blood cell content. In the same study clots were tested after compression simulating ‘repeated stent retriever manipulation’. The increase in friction coefficient after manipulation was dramatic, suggesting that there may as well be a potential increase in friction after multiple thrombectomy attempts in real life. This would explain why a resilient clot seems to be responding even less and less to subsequent thrombectomy attempts.Previous studies indicate that thrombus composition can provide insights into stroke etiology, recanalization outcomes, and moreover guide development of newer technologies in stroke treatment.8,12–16 A number of recently published studies have even demonstrated that clot composition can impact the choice of revascularization techniques due to differences in clot-device interactions17,18. The ability to retrieve and study fresh thrombi in acute stroke patients has opened a whole new door in the study of stroke pathogenesis and treatment. In this section we will review the current state-of-the-art literature in the study of clot in stroke.
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