Providing Choice & Value | ) fesees

CONTACT REP

AJNR

Thisinformation is current as
of July 31, 2025.

Risk of Thrombus Fragmentation during
Endovascular Stroke Treatment

J. Kaesmacher, T. Boeckh-Behrens, S. Simon, C.
Maegerlein, J.F. Kleine, C. Zimmer, L. Schirmer, H. Poppert
and T. Huber

AINR Am J Neuroradiol 2017, 38 (5) 991-998
doi: https.//doi.org/10.3174/gjnr.A5105
http://www.ajnr.org/content/38/5/991


http://www.ajnr.org/cgi/adclick/?ad=57967&adclick=true&url=https%3A%2F%2Fmrkt.us-marketing.fresenius-kabi.com%2Fajn1872x240_july2025
https://doi.org/10.3174/ajnr.A5105
http://www.ajnr.org/content/38/5/991

ORIGINAL RESEARCH
INTERVENTIONAL

Risk of Thrombus Fragmentation during Endovascular

J. Kaesmacher, ““'T. Boeckh-Behrens, “*'S. Simon,

ABSTRACT

C. Maegerlein,

Stroke Treatment

).F. Kleine, " C. Zimmer, L. Schirmer, “*H. Poppert, and

T. Huber

k=17 ]

BACKGROUND AND PURPOSE: Periprocedural thrombus fragmentation is a relevant risk in endovascular stroke treatment. Because
factors influencing its occurrence are largely unknown, this study addresses a potential relationship between thrombus histology and clot
stability.

MATERIALS AND METHODS: Eighty-five patients with anterior circulation stroke treated with thrombectomy were included in this
retrospective study. The number and location of emboli after retrieving the primary thrombus, the number of maneuvers, and TICl scores
were evaluated. H&E and neutrophil elastase staining of retrieved clots was performed, and semiquantitative measurements of thrombus
components were correlated with procedural parameters.

RESULTS: An inverse correlation between maneuvers required for thrombus retrieval and the number of distal and intermediate emboli
was observed (Spearman r, —0.23; P = .032). Younger patients were at higher risk for periprocedural thrombus fragmentation (Spearman
r, —0.23; P = .032). Bridging thrombolysis tended to be associated with fewer maneuvers (2 vs 3, P = .054) but more emboli (1vs 0, P = .067).
While no consistent correlation between procedural parameters and red/white blood cells and fibrin-/platelet fractions could be found,
higher amounts of neutrophil elastase—positive cells within the thrombus were independently associated with the occurrence of multiple
emboli (adjusted OR, 4.6; 95% Cl, 1.1-19.7; P = .041) and lower rates of complete recanalization (adjusted OR, 0.3; 95% Cl, 0.1-0.9; P = .050).

CONCLUSIONS: Younger age, easy-to-retrieve thrombi, and bridging thrombolysis may be risk factors for periprocedural thrombus
fragmentation. Findings from standard histologic stains did not provide insight into thrombectomy-relevant thrombus stability. However,
higher neutrophil levels in the thrombus tissue were related to an increased risk of periprocedural thrombus fragmentation. This obser-
vation aligns with the proposed thrombolytic capacity of neutrophil elastase and points to its potential clinical relevance in the context
of stroke thrombectomy.

ABBREVIATIONS: ACA = anterior cerebral artery; F/P = fibrin-/platelet accumulations; IQR = interquartile range; MT = mechanical thrombectomy, NE =

neutrophil elastase; POS = primary occlusion site; PTF = periprocedural thrombus fragmentation; RBC = red blood cells; WBC = white blood cells

echanical thrombectomy (MT) of large-vessel occlusion
has evolved as a safe and effective procedure that plays an
indispensable role in modern therapeutic management of acute
ischemic stroke.' > In recent randomized trials, high rates of suc-
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cessful recanalization (range, 59%-88%) were considered a key
element in achieving excellent rates of good functional outcome
(range, 33%-71%).° However, not all successfully treated patients
showed complete (TICI 3) recanalization; this outcome poten-
tially limits therapeutic benefit.

In general, all endovascular MT techniques are accompanied
by the risk of periprocedural thrombus fragmentation (PTF) and
subsequent downstream embolism,”® preventing complete re-
canalization. Because the neurologic outcome of patients with
complete (TICI 3) recanalization is significantly better compared
with patients with “almost complete” (TICI 2b)'° or incomplete
recanalization (TICI 1-2a),"* understanding the factors contrib-
uting to PTF may prove beneficial in achieving maximal thera-
peutic benefit. Previous reports demonstrated that thrombus sta-
bility'> may influence the incidence of PTF, and analyses of
cellular thrombus composition have revealed a possible associa-
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tion between thrombus histology and thrombus etiology
well as clinical outcome.'>'® Discrepant results in previous stud-
ies'” might be primarily explained by low patient numbers and
the risk of clot fragmentation. The latter may bias the representa-
tive character of the analyzed fragment.

While the main cellular components of a thrombus are known
to be fibrin-/platelet accumulations (F/P) as well as red (RBC) and
white blood cells (WBC),"'>'” a higher fraction of RBC has been
associated with increased rates of successful endovascular recan-
alization as noninvasively measured by whole-thrombus density
(CT)">'® and corresponding blooming artifacts (MR imag-
ing).'®'®?! Besides common thrombus characteristics obtained
from H&E staining, new evidence has emerged that the degree of
inflammatory cell invasion, particularly by neutrophils, may alter
the stability and degradation of a thrombus.>**’ This finding is of
particular interest because neutrophils exhibit fibrinolytic activ-
ity, which may weaken clot stability.>* Nevertheless, the impact of
inflammatory cells on the mechanical properties of a thrombus
remains uncertain, especially in the context of stroke thrombec-
tomy. Potential knowledge of the clot composition before MT
may be a further valuable tool to aid in the selection of the most
appropriate devices and techniques to avoid PTF.

To this end, this is the first study investigating the dependency
of procedural thrombectomy characteristics on anatomic and im-
mune-histochemical thrombus histology, to our knowledge.

MATERIALS AND METHODS

Subjects and Outcome

All consecutive patients presenting with a stroke due to large-
vessel occlusion in the anterior circulation between July 2010 and
September 2012 at a tertiary care center were included in this
retrospective single-center study. Parts of this cohort and histo-
logic analyses have been previously published.'®'> All patients
underwent MT at the Department of Neuroradiology, and
thrombus material was preserved. All patients in whom no
thrombus material could be retrieved were excluded. Under this
premise, 85 patients (45 women; median age, 73 years) formed the
final study cohort. This study was approved by the local ethics
committee at the Klinikum rechts der Isar of the Technical Uni-
versity of Munich, Germany, in accordance with the ethical stan-
dards of the 1964 Declaration of Helsinki and its later amend-
ments.”” Clinical outcomes were measured as NIHSS at the day of
discharge. Substantial neurologic improvement was defined as
either NIHSS at day of discharge =1 or the difference between
NIHSS on admission and NTHSS at the day discharge =8.%° This
definition was based on previous studies that have shown this
criterion to be a sensitive outcome measure.*

Image Analysis

The primary occlusion site (POS) was defined as the location and
extent of the initial thrombus as evaluated on a synopsis of admis-
sion CT/CTA and initial DSA. After recanalization of the POS,
any vessel occlusions distal from the POS were considered emboli
due to PTF. This simplified definition is based on previous find-
ings, which have shown that >90% of intracranial vessel occlu-
sions are caused by a single thrombus.”” Hence, most vessel oc-
clusions after POS recanalization are due to PTF. Emboli
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following PTF were further categorized into proximal, interme-
diate, and distal, according to their localization in lateral and cor-
responding anteroposterior DSA projections (On-line Fig 1). Em-
boli involving the M1 or M2 segment were always defined as
proximal emboli, whereas those located distal to the pericallosal
artery (on lateral projections) were considered distal emboli (see
examples of emboli in Figs 1 and 2). The remaining vessel occlu-
sions were assigned to the group of intermediate emboli. A sche-
matic classification of emboli locations in cases of initial MCA or
carotid-T occlusions is presented in On-line Fig 1. The success of
POS recanalization (TICI-POS) as well as after additional rescue
maneuvers (TICI-FINAL) was rated according to the original
TICI scale, with TICI 2b defined as reperfusion of more than
two-thirds of the initial occluded territory.>> Note that TICI-POS
and TICI-FINAL may be the same (ie, if no additional maneuvers
were performed). All images were evaluated in consensus by 2
experienced neuroradiologists.

Endovascular Procedure

Patients underwent angiography if groin puncture could be per-
formed within 6 hours after symptom onset, clinical presentation
was severe (NIHSS =4), and no early infarct signs involving more
than one-third of the MCA territory were present on cranial CT
on admission. IV rtPA was administered as “bridging therapy” in
the absence of contraindication (n = 58, 68.2%). All stent-re-
triever passages were counted, and the number of maneuvers was
registered after POS recanalization and at the end of the proce-
dure. All procedures were performed by using a distal access cath-
eter (MCA/anterior cerebral artery [ACA]) or proximal flow ar-
rest by balloon occlusion (carotid-T) and one of the following
stent retrievers (maneuvers with the respective device): Solitaire
(n = 45; Covidien, Irvine, California), pREset 4—20 (n = 58; Phe-
nox, Bochum, Germany), Trevo (n = 29; Stryker, Kalamazoo,
Michigan), Revive (n = 2; Codman Neurovascular, Raynham,
Massachusetts), Pulse (n = 4; Penumbra, Almeda, California),
and Separator 3D (n = 6, Penumbra). Aspiration techniques, ap-
plied as stand-alone approach, were not performed in this study.

Thrombus Histology

After clot retrieval, thrombus material was fixed in phosphate-
buffered 4% formalin. H&E staining and subsequent quantitative
analysis of WBC, RBC, and F/P content were performed as de-
scribed previously.'*'> To assess the prevalence of neutrophils
within the thrombus, we stained the samples immunohisto-
chemically by using an anti-neutrophil elastase monoclonal
mouse antibody (clone NP57, M0752; Dako Denmark, Glostrup,
Denmark). The number of neutrophil elastase (NE)-positive cells
was semiquantitatively evaluated by 2 independent raters (NE
index) who were blinded to the clinical data. Discrepancies were
rated in consensus in a separate session. Evaluation was per-
formed by using a 5-step grading scale: 0 (none), 1 (scattered), 2
(intermediate), 3 (clustered), 4 (high, >50% of all cells) (Fig 3).

Statistical Analysis and lllustrations

The Shapiro-Wilk test was applied to analyze data for normal
distribution. Because all variables, except NIHSS on admission
(P = .322 in Shapiro-Wilk test), were non-normally distributed,



FIG 1. DSA images in a lateral projection in a case of initial carotid-T occlusion (A). Dynamic images (delay = 1 second) after successful POS
recanalization resulting in T proximal (filled arrow) and 1intermediate embolus (open arrow) due to PTF (B-D).

bivariate correlation analysis with the 2-sided Spearman correla-
tion was performed. Frequency counts and median/mean com-
parison were evaluated by using standard statistical measures
(Fisher exact test, Mann-Whitney U test). For median values, the
interquartile range (IQR) is shown; for mean values, the SD is
shown. Because PTF was shown to be a multifactorial process (eg,
age, MCA/ACA versus ICA occlusion, bridging therapy; see “Re-
sults”), we adjusted the analysis of histologic clot characteristics
for these potential confounders by using a multivariate logistic
regression. For statistical analysis, SPSS statistics, release 23.0
(IBM, Armonk, New York), was used. Illustrations were prepared
by using Adobe Photoshop CS4 (Adobe Systems, Mountain View,
California).

RESULTS

Study Population and Outcomes

Inclusion criteria were met by 85 patients (mean age, 70.2 = 14.6
years; 45 women) (Table). Approximately one-third (n = 26,

30.6%) of patients presented with a carotid-T occlusion, while the
rest had isolated occlusions of the MCA/ACA (n = 57, 67.1%, and
n = 2, 2.3%, respectively). The median NIHSS score at presenta-
tion was 15 (IQR, 10.5-18) and improved to 5.5 (IQR, 2-14) by
the day of discharge. The median symptom-onset-to-treatment-
time of 225 minutes (IQR, 165-278.75 minutes) could be suffi-
ciently determined for 72 patients. Following recanalization of the
POS, 36 patients (42.2%) showed no peripheral emboli, corre-
sponding to an instant TICI 3 recanalization. Rescue therapy,
namely retrieving downstream thrombi due to PTF, was success-
ful in 27 cases. A median of 1 (IQR, 1-3.5) additional stent-re-
triever maneuver was required to perform the rescue therapy. The
final rate of successful recanalization was 91.7%.

When a single device type was used, distribution of final rep-
erfusion success and the number of emboli did not differ among
different stent-retriever types (P = .442 for final reperfusion suc-
cess and P = .931 for the number of all emboli; On-line Fig 2). Use
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FIG 2. DSA images in a lateral projection in a case of initial M1 occlusion (A). Dynamic images (delay = 1second) after successful recanalization
of the POS, resulting in 1intermediate (open arrow) and 2 distal emboli (filled arrows) due to PTF (B-D).

of multiple device types during a solitary thrombectomy was as-
sociated with lower rates of successful recanalization (P = .042).
Occurrence of proximal and intermediate emboli after recanali-
zation of the POS was associated with poorer neurologic outcome
(NIHSS-proximal emboli: Spearman r, 0.279; P = .013; NIHSS-
intermediate emboli: Spearman r, 0.223; P = .049), whereas pa-
tients showing a substantial neurologic improvement had fewer
proximal (P = .029) and intermediate emboli (P = .018).

Physical Clot Properties

A consistent, inverse trend could be observed between the ease of
the procedure and the risk of PTF: An easier procedure, namely
requiring fewer stent-retriever maneuvers and less time to POS
recanalization, was associated with a higher risk of distal and in-
termediate embolization (On-line Table). We also noted an age
dependency of emboli occurrence because younger patients were
at higher risk for PTF, resulting in higher numbers of intermedi-
ate and overall thrombus fragments distal to the POS. No corre-
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lation could be found between the time from symptom onset to
groin puncture and the risk of embolization or maneuvers re-
quired. Administration of preinterventional IV rtPA tended to be
associated with fewer endovascular maneuvers (2 versus 3, P =
.054), shorter time to POS recanalization (30 minutes versus 47
minutes, P =.051), but a higher sum of overall emboli (1 versus 0,
P = .067). In carotid-T occlusions as opposed to isolated MCA/
ACA occlusions, more device passages were required to retrieve
the primary thrombus (3 versus 2, P = .006), resulting in longer
times for POS recanalization (66 versus 33 minutes, P < .001).
However, no difference could be found regarding the location or
number of occurring emboli (all P > .5).

Thrombus Histology

The mean fraction of RBC, F/P, and WBC was 42% (IQR, 22%—
57%), 49% (IQR, 36%—69%), and 7% (IQR, 5%—11%), respec-
tively. The median NE index, as determined for 42 patients, was 2
(IQR, 1-3). Clot histology characteristics did not differ between



FIG 3. Histologic specimens of 2 different clots with H&E staining (magnification X30) (A and E), segmentation of RBC (red), F/P (purple), WBC
(blue), and staining artifacts (brown) for composite quantification (B and F). H&E staining (magnification X200) (C and G) and NE staining
(magnification X200) (D and H) with accumulation of NE-positive cells marked (asterisks). Clot composition is the following: upper row: 30% RBC,
51% F/P,19% WBC; NE index T; lower row: 7% RBC, 84% F/P, 9% WBC, NE index 4.

Patient characteristics, clot histology, and procedural
parameters

No. or Median with
Interquartile Range

Patients (No.) 85
Male/female (No.) 40/45 (47%/53%)
Age (median) (yr) 73 (65-80)
POS (No))

ICA/carotid-T 26 (30.6%)

ACA 2(23%)

MCA 57 (67.1%)
IV rtPA bridging therapy (No.) 58 (68%)
Maneuvers (No.) 2(1-4)
Procedure time for POS recanalization (min) 37 (21-64)
TICI after POS recanalization (No.)

1 10%)

2a 27 (32%)

2b 21(25%)

3 36 (42%)
Occlusions due to PTF (n = 101)

Proximal 26 (26%)

Intermediate 50 (50%)

Distal 25 (25%)
Clot histology (fraction in %)

RBC 37 (27-48)

F/P 57 (47-67)

WBC 5 (4-7)

patients receiving bridging therapy and patients who did not (all,
P > .3). Except for a higher NE index in carotid-T thrombi (me-
dian 2; IQR, 2-3.5, versus 2; IQR, 1-2; P = .008), no difference in
histologic clot characteristics could be found when comparing
MCA and carotid-T occlusions (all, P> .3). We could not observe
a correlation between the time from symptom onset to recanali-
zation or age and fraction of RBC, F/P, and WBC (all, P > .5). No
consistent association between procedural parameters and RBC,
F/P, or WBC content within the clot could be found (all, P > .1;

On-line Table). This was also true when restricting analysis to
different stent-retriever types (all, P > .2). However, the fraction
of RBC (median RBC fraction, 50% [IQR, 28%-59%], versus
39% [IQR, 21%-57%]; P = .183) and the degree of neutrophil
invasion (median NE index, 2 [IQR, 2-3] versus 2 [IQR, 1-3]; P =
.192) tended to be higher in patients with multiple embolizations.
The effect of neutrophil invasion on the occurrence of multiple
emboli remained statistically tangible (without case restric-
tion) when adjusting for age, site of occlusion (carotid-T ver-
sus MCA/ACA), and bridging therapy in a multivariate logistic
regression model with multiple (>1) emboli defined as depen-
dent variables (adjusted OR, 4.6; 95% CI, 1.1-19.7 for every NE
index grade increase; P = .041; pseudo-R* = 0.568). In contrast,
the fraction of RBC was not a significant factor associated with the
occurrence of multiple emboli by using the same logistic regres-
sion model (OR, 1.0; 95% CI, 0.9-1.0; P = .390). Pursuant to the
first finding, the median NE index was lower in successfully re-
canalized patients (2 versus 3; P = .033, On-line Fig 3). Further-
more, the NE index was an independent predictor of unsuccessful
recanalization (TICI-FINAL < 2b, [see above for the logistic re-
gression used]; adjusted OR, 0.3;95% CI, 0.1-0.9; P = .050; pseu-
do-R2 = 0.322).

DISCUSSION
PTF during MT in acute stroke is common and was observed in
more than half of the patients. This study shows 3 major findings:
1) In vivo clots differ regarding their MT-relevant mechanical
properties, 2) common histologic clot characteristics do not con-
sistently correlate with the mechanical clot properties, and 3) neu-
trophil invasion of the clot is linked to PTF and might serve as a
novel surrogate for clot stability.

Our results show that easily retractable clots are generally
prone to small/intermediate fragment dissociation, while those
retracted with considerable effort are usually more stable and less
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susceptible to PTF. During endovascular stroke treatment, the use
of stent retrievers and aspiration devices has a risk of thrombus
fragmentation, which can lead to an “embolic shower.”***’
Smaller fragments (<200 wm) constitute, by far, the highest per-
centage of occurring emboli.”® They usually dissolve due to spon-
taneous thrombolysis or revascularization as achieved by embolus
extravasation.”® However, those emboli are usually undetected by
conventional DSA, and their true clinical impact remains un-
clear.’" Larger emboli (>200 wm) cause clinically relevant cere-
bral occlusion®® and lead to angiographically defined incomplete
recanalization (TICI < 3). We have found those emboli to be
clinically important because intermediate and proximal emboli
were associated with lower NIHSS scores at discharge. Occur-
rence and “rescue” removal of those emboli are of important clin-
ical relevance because patients with complete recanalization have
fewer neurologic deficits. "'

The beneficial effects of preinterventional systemic rtPA ad-
ministration concur with our assessment; this finding suggests a
facilitating effect of bridging therapy.”® > Patients receiving rtPA
needed fewer maneuvers and had shorter procedure times. How-
ever, the presumed bridging therapy-related thrombus softening
came with the risk of PTF, which has been reported previously.*®

Thrombus characteristics have been shown to predict techni-
cal outcome in endovascular stroke therapy. Particularly, thrombi
with higher Hounsfield units are associated with higher rates of
successful recanalization."”! Given prior histologic analyses, it
seems reasonable to assume that those thrombi are RBC rich and
have low F/P content.'® In the present study, thrombi prone to
dissociate into multiple emboli tended to have a higher RBC frac-
tion. However, this association was inconsistent and statistically
irrelevant when correcting for possible confounders. Our data
regarding the true success rate of thrombectomy are particularly
limited because we only analyzed cases in which thrombus mate-
rial could be retrieved (usually TICI > 1-2a). Hence, the true
impact of RBC on the capability of retrieving the clot and POS
recanalization cannot finally be assessed in the presented cohort.

To the best of our knowledge, this is the first study that estab-
lishes a possible link between procedurally relevant thrombus sta-
bility and the content of neutrophils. Neutrophils invade newly
formed thrombi through recruitment due to adherent activated
platelets.”” Adhesion triggers activation of neutrophils and subse-
quent release of neutrophil elastase.”® Initially, proinflammatory
mediators promote fibrin cross-linking and the formation of neu-
trophil extracellular traps, which promote a procoagulatory
state.”® However, activated neutrophils in the later phase also
seem to restrict growth and promote thrombus degradation by
»).22

NE-dependent fibrinolysis (“cell-dependent thrombolysis

Komorowicz et al**

could indeed show that NE triggers the release
of thrombus fragments in the soluble phase when incubated un-
der shear stress conditions. Beyond altering the stability proper-
ties of thrombi, experimental data further suggest that NE seems
to be involved in inflammatory reperfusion damage,* and a re-
cent study proposed an association between the presence of CD4 ™"
T-cells and CD68 " -monocytes/macrophages within the throm-
bus and stroke severity.*' However, the true impact of “throm-
boinflammation” has yet to be evaluated in further studies.** In

this context, the presented data underscore the need for consid-
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ering and correcting for potential effects of inflammatory cells on
thrombus stability, when evaluating its effect on clinical outcome
in patients with stroke who were endovascularly treated.

Our study has several limitations beyond the common ones of
a retrospective study design. Due to our inclusion criteria, the
cohort exhibits a selection bias for successfully recanalized pa-
tients because histologic analysis was feasible only in cases in
which the thrombus could be retrieved. Thus, results regarding
the effects of histologic parameters on the true success rates of MT
should be interpreted cautiously. Second, assessing the rate and
location of emboli by using midprocedural DSA is a simplifica-
tion and might not be as sensitive as susceptibility-weighted im-
aging for thrombus detection.*” However, it is the only feasible
method of PTF detection during the procedure and has the ad-
vantage of assessing the hemodynamic relevance of emboli due to
PTF. Third, this technique is not capable of differentiating peri-
and preprocedural thrombus fragmentation (distal to the POS).
However, because previous studies have found a low frequency of
preprocedural fragmentation (<10%),””*** the rate of false-posi-
tive classification is expected to be rather low. Fourth, the grading
of the NE of the clot is based on a semiquantitative scale and was
performed visually. Subjective analysis may, in the future, be
overcome by ensuring comparable staining intensity and follow-
ing threshold-based software quantification (comparable with the
algorithm used for the analysis of H&E staining). Fifth, because
we analyzed the thrombus retrieved from the POS, the histologic
characteristics of the fragments causing distal emboli remain un-
certain and might differ from the clot composition of the re-
trieved thrombus. One may speculate that dissolvable tissue is-
lands or additional apposition thrombi might accumulate at the
clot margins. These areas may be more prone to fragmenting dur-
ing endovascular manipulation than the main thrombus and
might show a different histology. Finally, because different stent
retrievers were used, recanalization success and subsequent risk of
PTF might be influenced by the choice of the device.

CONCLUSIONS

Younger age, easy-to-retrieve thrombi, and bridging thromboly-
sis are factors that may have a higher risk of PTF. Conventional
histologic characteristics (RBC, WBC, F/P) do not seem to influ-
ence MT-relevant thrombus stability. However, higher amounts
of clot-infiltrating neutrophils were related to an increased risk of
PTF. This observation aligns well with the proposed thrombolytic
capacity of neutrophilic enzymes and may implicate them as a
novel marker for clot stability, which should be addressed in fu-
ture clot studies.
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