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Large Artery Atherosclerotic Clots are Larger than Clots of other
Stroke Etiologies and have Poorer Recanalization rates

Se�an Fitzgerald, PhD,* Rosanna Rossi, PhD,*,† Oana Madalina Mereuta, PhD,*,†
Sara Molina,*,† Adaobi Okolo, MD,* Andrew Douglas, MSc,*,†
Duaa Jabrah, MD,* Abhay Pandit, PhD,† Ray McCarthy, PhD,‡

Michael Gilvarry, MEng,‡ Erik Ceder, MD,§,{Niclas Dehlfors, MD,§,{
Dennis Dunker, MD,§,{ Annika Nordanstig, MD,#,k Petra Redfors,#,k

Katarina Jood, MD,#,k Georgios Magoufis, MD,** Klearchos Psychogios, MD,**,††
Georgios Tsivgoulis, MD,†† Jack Alderson, MD,‡‡ Alan O’Hare, MD,‡‡

Sarah Power, MD,‡‡ Paul Brennan, MD,‡‡ Andr�as Nagy, MD,§§
�Agnes Vad�asz,§§ Waleed Brinjikji, MD,l David Kallmes, MD,l

Istvan Szikora, MD,§§ Turgut Tatlisumak, MD,#,k Alexandros Rentzos, MD,§,{
John Thornton, FFR RCSI,‡‡ and Karen M. Doyle, PhD*,†

Objectives: There is a paucity of knowledge in the literature relating to the extent of
clot burden and stroke etiology. In this study, we measured the Extracted Clot Area
(ECA) retrieved during endovascular treatment (EVT) and investigated relation-
ships with suspected etiology, administration of intravenous thrombolysis and
recanalization. Materials and Methods: As part of the multi-institutional RESTORE
registry, the ECA retrieved during mechanical thrombectomy was quantified using
ImageJ. The effect of stroke etiology (Large-artery atherosclerosis (LAA), Cardi-
oembolism, Cryptogenic and other) and recombinant tissue plasminogen activator
(rtPA) on ECA and recanalization outcome (mTICI) was assessed. Successful recan-
alization was described as mTICI 2c-3. Results: A total of 550 patients who under-
went EVT with any clot retrieved were included in the study. The ECA was
significantly larger in the LAA group compared to all other etiologies. The average
ECA size of each etiology was; LAA=109 mm2, Cardioembolic= 52 mm2,
Cryptogenic= 47 mm2 and Other= 52 mm2 (p= 0.014*). LAA patients also had a sig-
nificantly poorer rate of successful recanalization (mTICI 2c-3) compared to all

From the *Department of Physiology, National University of Ireland Galway, Galway, Ireland; †C�URAM�SFI Centre for Research in Medical
Devices, National University of Ireland Galway, Galway, Ireland; ‡Cerenovus, Galway Neuro Technology Centre, Galway, Ireland; §Department
of Interventional and Diagnostic Neuroradiology, Sahlgrenska University Hospital, Institute of Clinical Sciences, Gothenburg, Sweden;
{Department of Radiology, Sahlgrenska Academy at University of Gothenburg, Sweden; #Department of Clinical Neuroscience, Institute of Neuro-
science and Physiology, Sahlgrenska Academy at University of Gothenburg, Gothenburg, Sweden; kDepartment of Neurology, Sahlgrenska Uni-
versity Hospital, Gothenburg, Sweden; **Metropolitan Hospital, Stroke Unit, Piraeus, Greece; ††Second Department of Neurology, “Attikon”
University Hospital, School of Medicine, National & Kapodistrian University of Athens, Athens, Greece; ‡‡Department of Radiology, Royal Col-
lege of Surgeons in Ireland, Beaumont Hospital, Dublin, Ireland; §§Department of Neurointerventions, National Institute of Neurosciences, Buda-
pest, Hungary; and lDepartment of Radiology, Mayo Clinic, Rochester, MN, USA.
Received September 24, 2020; revision received November 3, 2020; accepted November 5, 2020.
Address correspondence to Se�an Fitzgerald, PhD, Department of Physiology, National University of Ireland Galway, Galway, Ireland. E-mail:

Sean.Fitzgerald@nuigalway.ie.
1052-3057/$ - see front matter
© 2020 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/)
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105463

Journal of Stroke and Cerebrovascular Diseases, Vol. 30, No. 1 (January), 2021: 105463 1

mailto:Sean.Fitzgerald@nuigalway.ie
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105463


other etiologies (p= 0.003*). The administration of tPA was associated with a smaller
ECA in both LAA (p= 0.007*) and cardioembolic (p= 0.035*) groups. Conclusion: The
ECA of LAA clots was double the size of all other etiologies and this is associated
with a lower rate of successful recanalization in LAA stroke subtype. rtPA adminis-
tration prior to thrombectomy was associated with reduced ECA in LAA and CE
clots.
Key Words: Acute ischemic stroke—Etiology—Thrombectomy—Thrombolysis
© 2020 The Authors. Published by Elsevier Inc. This is an open access article under
the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Introduction

Recombinant tissue plasminogen activator (tPA) and
mechanical thrombectomy are currently FDA approved
treatments for Acute Ischemic Stroke (AIS).1,2 Studies have
suggested that both longer clot length and a large clot vol-
ume are associated with worse functional outcome follow-
ing both intravenous thrombolysis and endovascular
treatment.3,4 The Clot Burden Score system was proposed
to assess the intracranial thrombus extent using diagnostic
imaging prior to treatment and predicts both functional
outcome and final infarct size.5 The cellular composition of
acute ischemic stroke clots vary considerably with sus-
pected stroke etiology,6�8 however, there is a paucity of
knowledge in the literature investigating the relationship
between clot burden and suspected stroke etiology. There
is also a lack of clinical studies investigating the influence
of rtPA on the clot burden in non-responsive patients sub-
sequently treated with mechanical thrombectomy.
We describe a post-procedural approach to the assess-

ment of clot burden by measuring the area of extracted clot
retrieved during mechanical thrombectomy procedures. In
this study we measure the area of the clot retrieved follow-
ing mechanical thrombectomy, termed the Extracted Clot
Area (ECA), in a series of patients with large vessel occlu-
sion (LVO) and investigate relationships between sus-
pected stroke etiology, ECA, rtPA and recanalization rate.

Methods

Patient selection and clinical data

The RESTORE registry is a European Registry of AIS
clinical, procedural, imaging and histopathologic data
compiled by investigators at C�URAM, National University
of Ireland Galway. This study included AIS patients from
four hospitals treated between March 2018 and November
2019 and was approved by the regional hospital ethics
committees (Beaumont Hospital, Dublin; Sahlgrenska Hos-
pital, Gothenburg; NICN, Budapest; Metropolitan Hospi-
tal, Athens) and National University of Ireland Galway
(NUIG) research ethics committee (16-SEPT-08). A waiver
of informed consent was granted in accordance with the
ethical standards of the Declaration of Helsinki. The inclu-
sion criteria were patients’ �18 years with LVO, having
undergone EVT following relevant diagnostic procedures
and with clot material successfully retrieved for clot area

analysis. EVT was performed according to individual insti-
tution’s own routine procedures.

Clot processing and area analysis

Clots removed during endovascular procedures were
collected and placed in 10% phosphate-buffered formalin
before being shipped to NUI Galway for analysis. Upon
receipt, a gross photograph of the clot fragments removed
was taken using a Canon EOS 1300D Camera. ImageJ
software (https://imagej.nih.gov/ij/) was used to ana-
lyze the area of each fragment of clot individually. First
the scale was set (Fig. 1A) and then the Polygon tool was
used to draw a Region of Interest around a fragment of
the clot and the area of that fragment was measured
(Fig. 1B). Each of the fragments of clot was measured indi-
vidually, an example is shown in Fig. 1A and B. The total
ECA for each case is defined as the sum of the clot area
from all clot fragments within a case. A small ECA was
defined as �Median ECA of all cases.

Data collection

Data regarding recanalization outcome and stroke etiol-
ogy were collected using a data abstraction form completed
by the treating physician on completion of the interventional
procedure. Stroke etiology was classified using the Trial of
Org 10172 in Acute Stroke Treatment (TOAST) system; 1)
large-artery atherosclerosis (LAA), 2) cardioembolism, 4)
stroke of other determined etiology and 5) cryptogenic. All
data were self-reported at the included centers.

Statistical analyses

All statistics were completed using Graphpad Prism 8.
A Shapiro�Wilk test indicated that quantitative variables
did not follow a standard normal distribution. The non-
parametric unpaired t test and Kruskal�Wallis tests was
used to assess statistically significant difference among
the groups. Statistical correlations were assessed by Chi-
squared analysis.

Results

Baseline characteristics

A total of 550 patients were included. Forty-six-percent
of patients were treated with systemic thrombolysis using
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recombinant tissue Plasminogen Activator. Successful
recanalization (mTICI = 2c/3) was achieved in 67.7% of
patients and good recanalization (mTICI �2b) was
achieved in 91.3%. A complete dataset was not available
for 67 (12%) patients and these patients were excluded
from further analysis. Stroke etiologies were Large Artery
Atherosclerotic (n= 110, 20%), Cardioembolic (n= 197,
36%), Cryptogenic (n= 143, 26%) and Other etiologies
(n= 33, 6%).

Etiology and extracted clot area

A significant correlation between ECA as measured by
ImageJ and Clot Weight was found (n= 80, R2= 0.898,
p>0.05*, data not shown). The mean ECA area for all
cases was 64 mm2 and the median number of fragments
per case was 3. The average ECA size of each etiology

was; LAA= 108.95 mm2, Cardioembolic = 52.41 mm2,
Cryptogenic = 46.84 mm2 and Other = 51.75 mm2

(Fig. 1C). The Kruskal�Wallis test identified that there
was a significant difference in both the ECA (H(4) = 24.62,
p<0.001*) and the number of fragments (H(4) = 10.62,
p= 0.014*) between the four reported etiologic groups
(Supplementary Table 1). LAA Clots are twice as big as
clots of all other etiologies and are associated with a
greater number of fragments compared to cardioembolic
group (Fig. 2). Cardioembolic, cryptogenic and other clots
are all similar in size to each other with a similar number
of fragments (Fig. 2D).

Etiology, tPA and Extracted Clot Area

The unpaired t test demonstrated that patients that
received tPA has a significantly smaller ECA than those

Fig. 2. Results of extracted clot area and no of fragments per suspected etiology. (A) The extracted clots area (mm2) of each suspected etiology is shown in the
violin.

Fig. 1. Measurement of extracted clot area using ImageJ. (A) The scale of the image is set using the ruler. (B) A Region of Interest (ROI) is drawn around each.
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that did not receive tPA (50.27 vs 74.73 mm2, p= 0.002*).
The proportion of clots that had a small ECA, defined as
less than the median ECA of all clots, was significantly
greater in the cohort that received tPA when compared
to the cohort of patients that did not receive tPA (X2(1,
n= 549) = 5.941, p= 0.015*). The administration of tPA
was associated with a smaller ECA in of both LAA
(p= 0.007*) and cardioembolic (p= 0.035*) groups
(Table 1). A strong similar trend of reduced clot size was
observed in patients with other determined stroke etiolo-
gies, but not in cryptogenic cases (Table 1). tPA did not
have a significant effect on the number of procedural
passes and final mTICI score.

Etiology and recanalization outcome

The Kruskal�Wallis test identified that there was a sig-
nificant difference in mTICI score (H(4) = 10.66, p= 0.014*)
between the four reported etiologic groups (Supplemen-
tary Table 1). A significantly higher proportion of LAA
cases had a poorer recanalization outcome (mTICI 0-2b)
compared to cardioembolic (X2(1, n=307) = 12.424,
p<0.001*) and cryptogenic (X2(1, n=253) = 8.795,
p= 0.003*) cases (Fig. 3). Recanalization success was not
significantly different between LAA cases and cases of
other determined etiology, although a similar trend was
observed (X2(1, n= 145) = 2.849, p= 0.092).

Discussion

Our study of 550 retrieved clots in LVO patients found
that patients with a LAA etiology had double the
Extracted Clot Area of all other stroke etiologies. Despite
having a larger ECA, LAA cases had significantly lower
levels of successful recanalization (mTICI 2c/3) than other
reported etiologies. The administration of tPA prior to
mechanical thrombectomy was found to be associated
with an overall reduced ECA following removal, which
was significant in both the LAA and Cardioembolic cases.
The findings from this study have implications for the

treatment of LVOs. The ultimate goal of newer generation
thrombectomy devices is to achieve first pass mTICI 3 9,10

and therefore, in this study, we dichotomized revasculari-
zation outcome into mTICI 0-2b and mTICI 2c-3. Given
the expanding range of thrombectomy devices and techni-
ques available to the clinicians,11�15 a device capable of
retrieving a large clot burden in one procedural pass may
be preferred as a first option device in the treatment of
suspected LAA stroke cases in order to optimize the chan-
ces of achieving a successful First Pass Effect.14 The find-
ings also suggest that the administration of tPA prior to
endovascular treatment helps to reduce the clot burden in
LAA and cardioembolic patients.
Previous studies have used various imaging modalities

to assess the clot burden in acute ischemic stroke prior to

Table 1. ECA, fragments, passes and outcome of each stroke etiology.

Suspected etiology Total mean

ECA (mm2)

tPA � Yes Mean

ECA (mm2)

tPA � No mean

ECA (mm2)

Median

number

of fragments

Median

number

of passes

Final mTICI score

(0-2b) 2c-3

Cardioembolic (n = 197) 52.41 § 60.02 39.94 (n = 90) 62.89 (n = 107) 3 [1-4] 2 [1-4] 57 (29%) 140 (71%)

LAA (n = 110) 108.95 § 139.9 76.65 (n = 54) 140.09 (n = 56) 4 [2-7] 2 [1-3] 54 (49%) 56 (51%)

Cryptogenic (n = 143) 46.84 § 45.96 47.59 (n = 60) 46.31 (n = 83) 3 [2-4] 2 [1-3] 44 (31%) 99 (69%)

Other Determined (n = 33) 51.75 § 79.33 29.46 (n = 16) 72.74 (n = 17) 2 [1-5] 2 [1-4] 11 (33%) 22 (67%)

Fig. 3. Revascularization outcome per suspected etiology. The revascularization outcome defined as Poor (0-2b, Red) and Successful (2c-3, Blue) of each sus-
pected. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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treatment and demonstrated that a higher clot burden is
associated with longer procedural times, larger final
infarct size and a poorer functional outcome.3�5 We
describe a post-endovascular treatment approach to
assessment of clot burden, by measuring the area of
extracted clot removed by thrombectomy. This study
demonstrated that the area of occlusive clot retrieved dur-
ing endovascular procedure, termed the Extracted Clot
Area, is associated with stroke etiology. The ECA from
LAA patients was found to be twice the size of all other
stroke etiologies and LAA clots were also associated with
a significantly larger number of fragments than cardioem-
bolic clots. LAA clots have previously been shown to
have a more RBC-Rich composition than Cardioembolic
and cryptogenic clots 6, 16 and previous studies have
shown that RBC-Rich clots are softer, more friable clots
than more fibrin and platelet-rich clots.17 Despite the fact
that a larger ECA was typically retrieved from LAA
patients, a significantly higher proportion of LAA patients
had a poorer recanalization (0-2b) outcome following
endovascular treatment compared to all other stroke etiol-
ogies. This suggests that LAA cases are more prone to dis-
tal embolization, likely due to their large, soft, friable
composition, and that in cardioembolic and cryptogenic
patients, the clots are smaller and likely stiffer, fibrin and
platelet-rich clots that are less prone to fragmentation.
Recombinant tissue plasminogen activator (tPA) is the

current FDA approved thrombolytic treatment for AIS
and has been demonstrated to reduce the clot burden in
responsive patients, however, the length and volume of
the clot are critical to the effectiveness of tPA.18, 19 This
study demonstrates that the administration of tPA was
associated with a smaller extracted clot Area. This effect
might be due in part to the propagation of the thrombus
in patients that did not receive tPA due to being outside
of the time window for administration. tPA was associ-
ated with a reduced ECA in of both LAA and Cardioem-
bolic etiologies, suggesting that tPA administration in
eligible LAA and Cardioembolic patients’ might result in
a reduced clot burden.
Our study has limitations. First, the method described to

assess the volume of the Extracted Clot Area is a 3D extrap-
olation from a 2D image which may lead to some slight
inaccuracies. Second, the determination of stroke etiology
was self-reported at each site and therefore there may have
been some site-to-site variability in the implementation of
the TOAST criteria. However we feel that the number of
cases in this large cohort minimizes these effects.

Conclusion

The Extracted Clot Area of Large Artery Atherosclerotic
clots was double the size of all other etiologies and this is
associated with poorer rate of successful recanalization
following mechanical thrombectomy. rtPA administration

prior to thrombectomy was associated with reduced ECA
in LAA and CE clots.
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