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Abstract

There are only a few case reports in which cholesterol crystals were found in the thrombus retrieved
by mechanical thrombectomy for cryptogenic stroke, leading to a definitive diagnosis. We herein re-
port a case of aortogenic embolic stroke diagnosed by the presence of rich cholesterol crystals in the
retrieved thrombus and review the previously reported cases. A woman in her 80s was transferred as
an emergency due to consciousness disturbance, right conjugate deviation, and severe left hemipare-
sis. Magnetic resonance imaging showed occlusion of the right middle cerebral artery (MCA) and
acute infarction in the territory. The MCA was recanalized by thrombectomy using an aspiration
catheter and stent retriever, and the symptoms improved. Although the physiological examination did
not detect the embolic source during hospitalization, pathological examination of the thrombus re-
vealed atheroma with numerous cholesterol crystal clefts and intermixing of fibrin. Contrast-enhanced
computed tomography performed based on the pathological results showed atheromatous lesions in
the aortic arch as the embolic source. As a subsequent treatment, medications of a strong statin and
an antiplatelet agent were continued, and the patient had no recurrence. The finding that the re-
trieved thrombus is a simple atheroma containing cholesterol crystals with poor hemocytes suggests
embolism due to plaque rupture. Pathological examination of the thrombus obtained by thrombec-
tomy is one of the useful diagnostic approaches for stroke etiology and the determination of its treat-
ment.
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Introduction

Cerebral infarction has a variety of pathogenesis and
clinical categories and is diagnosed comprehensively by
symptom, imaging, and physiological and hematological
examinations. However, cryptogenic stroke accounts for
about 25% of all cerebral infarctions, and the concept of
embolic stroke of undetermined source (ESUS) has been
gaining ground in recent years."

In the literature, there are only a small number of re-
ports on cases in which cryptogenic stroke or other etiolo-
gies were initially suspected and later confirmed as aorto-
genic embolic stroke (AES) based on pathological results
of thrombus retrieved with mechanical thrombectomy.*”

We herein report a case of AES diagnosed by the pres-
ence of rich cholesterol crystals in the retrieved thrombus
and review the previously reported cases of cholesterol
crystals in the thrombus retrieved by thrombectomy.
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Fig. 1 A: Magnetic resonance angiography showed the right middle cerebral artery (MCA) occlusion. B: Diffusion-weighted im-
aging showed acute infarction in the right parietal lobe. C: Angiogram of the right carotid artery. Very mild stenosis was observed
at the bifurcation of the internal carotid artery, but the margins were smooth, and there was no floating thrombus or ulcer lesion.
D: Right internal carotid angiography confirmed the right proximal MCA occlusion. E: Final angiography showed successful re-
canalization. F-H: Follow-up magnetic resonance imaging 5 days after thrombectomy showed recanalization of the right middle
cerebral artery and newly embolic infarcts in the left frontal lobe (arrowheads) and bilateral cerebellar hemispheres (arrows). I:

Macroscopic appearance of the retrieved thrombus.

Case Report

A woman in her 80s was transferred to our hospital as
an emergency due to consciousness disturbance, right con-
jugate deviation, and severe left hemiparesis. She had been
on rehabilitation with a walking frame at another hospital
after surgery for right femoral neck fracture and had un-
treated hypertension and hyperlipidemia with no smoking.

On admission, the blood pressure was 157/97 mmHg,
body temperature was 36.3°C, and heart rate was 73 beats/
min, sinus rhythm on electrocardiography. Blood test
showed brain natriuretic peptide of 68.2 pg/mL, D-dimer
of 2.7 pug/mlL, triglyceride of 231 mg/dL, total cholesterol of
244 mg/dL, and low-density lipoprotein (LDL) of 163 mg/
dL. MRI showed occlusion of the right middle cerebral ar-
tery (MCA) and acute infarction in the territory (Fig. 1A-
B).

Intravenous tissue plasminogen activator and mechani-
cal thrombectomy were performed 4 hours after the onset.
Cerebral angiography revealed a very slight stenosis of the
right internal carotid artery bifurcation and occlusion of
proximal portion of the right MCA. (Fig. 1C-D). A yellowish
thrombus was retrieved in a single procedure by a com-
bined technique using an aspiration catheter and stent re-
triever (Fig. 1I). The MCA was completely recanalized
(TICI 3), and the symptoms tended to improve immedi-
ately (Fig. 1E). However, follow-up MRI showed newly em-
bolic infarcts in the left frontal lobe and in the bilateral

cerebellar hemispheres, although no re-occlusion of the
MCA was observed (Fig. 1F-H).

Investigation

Examination for embolic source was performed early af-
ter the treatment; however, transthoracic echocardiogra-
phy, 24-hour Holter monitoring, and lower extremity ve-
nous ultrasound did not detect findings suspected of car-
diogenic or paradoxical embolism.

Ultrasonography of carotid artery showed no vulnerable
plaque or floating thrombus. A 3 mm marginal smooth
isoechoic plaque at the right bifurcation of the internal ca-
rotid artery and a 1.3 mm hyperechoic plaque in the com-
mon carotid artery were detected, which were then judged
to be stable plaques. The patient was in distress due to
dysphagia and mild pneumonia; transesophageal echocar-
diography was not performed during this hospitalization.

Pathological examination of the retrieved thrombus re-
vealed atheromatous lesion containing numerous choles-
terol crystal clefts and foam cells, with small platelet ag-
gregates and a lack of red blood cells (Fig. 2A, B). Phos-
photungstic acid hematoxylin (PTAH) staining identified a
large amount of fibrin component that formed a layer and
intermixed between the cholesterol clefts and foam cells
(Fig. 2C, D). By contrast, the insert immunohistochemistry
with CD42b showed that the platelet component was quite
minimal (Fig. 2E, F). The thrombus was diagnosed as
atheromatous plaque rich in cholesterol crystals.
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Fig. 2 Pathological findings for the thrombus. A, B: Hematoxylin and eosin staining shows numerous cholesterol crystal clefts
and foam cells in most of the thrombus, with a small platelet aggregate (original magnification x10, x40). C, D: Phosphotungstic
acid hematoxylin staining revealed a large amount of fibrin component formed a layer and intermixed between the cholesterol
clefts and foam cells (original magnification x10, x100). E, F: The insert immunohistochemistry with CD42b shows the poor plate-
let content within the thrombus (original magnification x10, x100).

Based on the pathological results, a whole-body
contrast-enhanced CT scan was performed, which revealed
a thick plaque lesion extending continuously along the as-
cending aorta to the descending aorta and maximum 7
mm plaque masses and ulcer lesions on the aortic arch
(Fig. 3). As a result of these findings, the diagnosis of AES
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was finally confirmed.

Outcome and follow-up

For subsequent treatment, the patient was continuously
treated with mainly strong statin to normalize LDL level,
an antiplatelet drug, and antihypertensive drugs. After 2
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Fig. 3 A, B, C: Axial view of contrast-enhanced computed tomography scan revealed plaque lesions in the aortic arch and proxi-
mal brachiocephalic artery. The inner wall of the aortic arch is irregular, with 7 mm plaques and ulcerations (asterisk), the so-
called shaggy aorta. D: The coronal view showed a thick plaque lesion extending continuously along the upper wall of the ascend-
ing aorta (arrowheads). E: Sagittal view showed irregularly shaped plaques with calcification from the arch to the descending

aorta.

weeks, she was discharged to another hospital for rehabili-
tation without further recurrence.

Discussion

Cholesterol crystals are commonly found in progressive
atherosclerotic lesions. Lipoproteins accumulate in the ar-
terial wall and are taken up by macrophages that then
form into foam cells, which consequently form fibrous
atheroma containing extracellular cholesterol. Free choles-
terol in the intracellular and extracellular spaces of athero-
sclerotic plaques spontaneously self-organizes into metas-
table crystals, which then change into a plate-like struc-
ture, causing inflammatory and traumatic injury (plaque
rupture).”

According to a report on the morphological analysis of
atherosclerosis in the thoracic aorta, common carotid ar-
tery, and coronary arteries using autopsy specimens in
chronological order, atheroma and necrotic core appeared
in the early 40s in the aorta compared to the coronary ar-
teries and common carotid artery and subsequently pro-
gressed and increased with age.”

The post-endovascular treatment MRI also showed em-
bolic infarcts extending over multiple vascular territories,
suggesting that a vulnerable aortic lesion could be the

source even considering the possibility that it was an ia-
trogenic embolization caused by catheter manipulation
during thrombectomy. Moreover, the pathological examina-
tion revealed a large amount of mixed fibrin components
as well as cholesterol crystals by PTAH staining. This lends
support to the risk that anticoagulation or fibrinolysis
therapy may degrade the fibrin and induce cholesterol em-
bolization syndrome.” A subsequent treatment that focuses
on the administration of a strong statin that inhibit the
development of atherosclerosis may be appropriate to pre-
vent recurrence.

The histopathologic composition of the recovered
thrombus and the etiology of stroke have been the subject
of numerous studies. There are controversial reports that
fibrin and platelets are more common in cardiogenic em-
boli (CE) and vice versa. In a 2017 report by Brinjikji et al.,
a systematic review found that the hyperdense artery sign
was associated with red blood cell (RBC)-rich thrombus
and higher recanalization rates, but not with the histopa-
thological characteristics, etiology, or angiographic results.”
In 2021, a meta-analysis of a large multicenter study of
1,350 cases revealed that large artery atherosclerosis
thrombi had a higher mean RBC density and a lower
platelet density than CE thrombi.” However, a more recent
systematic review by Aliena-valero et al. that examined 134
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Table 1 Summary of previous reported cases of the retrieved thrombus with cholesterol crystals in cerebral embolism
Case No. Age, Occlusion site TICI (Grade) Macrographic findings . .
Author Sex Treatment OTR time . and e Source investigation Diagnosis .
Year History Method (Attempts) Concormtelmt composition (Pathogenesis)
in clot

Case 1 86, M Right MCA TICI3 Single, solid, yellow with A focal truncal-type Atherosclerosis of
Semerano etal.’3s  HTN IV-tPA+SR+ 5 hours red hemorrhage occlusion on MCA
2019 aspiration (3 pass) foamy cell, lymphocyte, angiographyandno  (Local thrombosis)

intima layer, extracellular ~ findings on other tests

matrix, smooth muscle
cells, outer fibrin cap

Case 2 67, M Left MCA TICI3 N/A 4.9 mm atheromatous  Aortogenic stroke
Matsumoto etal2 DM N/A 1.5 hours a small amount of lesion of aortic arch by (embolism)
2020 (N/A) calcification, not transesophageal

RBC-rich, platelets, fibrin echocardiography
Case 3 72,M Left MCA TICI 2b Small yellowish clots Undetermined source A complication of
Koiwai et al.15 HTN, SR+ 52 min Aggregation of fibrin, not Aortic wall plaque PCI for AMI
2021 DL, DM aspiration (1 pass) platelet rich, lack of RBC suspected (embolism)
Case 4 69,M  Left cervical ICA TIC 2b A large volume of red clot Severe ICA stenosis Atherosclerosis of
Eto et al.1e HTN SR+ max.13 hours foamy cells in RBC-rich with a vulnerable ICA
2021 aspiration (5 pass) thrombus, necrotic core, plaque on neck MRI ~ (Local thrombosis)

and multinucleated giant ~ and ultrasonography

cells in platelet-rich
thrombus

Case 5 80s, F Right MCA TICI3 Single, soft, yellow Plaque lesions inthe = Aortogenic stroke
Present case HTN, IV-tPA+SR+ 4 hours atheroma aorta on (embolism)
2021 DL aspiration (1 pass) foamy cell, intermixing  contrast-enhanced CT

fibrin, poor platelet, lack of
RBC

Abbreviations: AMI, acute myocardial infarction: CT, computed tomography: DL, dyslipidemia: DM, diabetes mellitus: HTN, hypertension: ICA,
internal carotid artery: IV-tPA, intravenous recombinant tissue plasminogen activator: MCA, middle cerebral artery: MRI, magnetic resonance

imaging: N/A, not applicable: OTR, onset to reperfusion: PCI, percutaneous coronary intervention: RBC, red blood cell: SR, stent retriever

eligible studies (97 cohort studies, 31 case reports, and 6
case series) has showed that the associations of thrombus
size, structure, and composition with their etiology were
inconsistent.”

Meanwhile, there are no cohort studies examining the
association between cholesterol crystals and embolic
source in cerebral embolism. It is only stated on the prem-
ise that the thrombus containing them is atheroma in the
studies that have assessed thrombectomy-induced wall
damage, stiffness and elasticity of thrombus, or reperfusion
rates."”"”

In our extensive research, we found and review four
case reports of the retrieved thrombus containing choles-
terol crystals in cerebral embolism (as summarized Table
1)‘2,13—15)

Although all of them had atherosclerosis as the etiology
and post-treatment was mainly oral antiplatelet agents, the
pathogenesis can be primarily categorized as local throm-
bosis or plaque embolism.

Case 1 and case 4 were local thrombosis of the athero-
sclerotic vessel that had required multiple attempts and
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the thrombus consisted of various components.

The thrombus in case 1 contained a large number of
vessel wall components, indicating that the vessel wall
damage caused by multiple attempts was reflected in the
components of the thrombus. In case 4, the large volume
of red clot developed at the site of severe stenosis of the
internal carotid artery and the character of the thrombi
were noted to vary considerably, ranging from RBC-rich to
platelet-rich. The authors speculated that some thrombi
with the varied findings were formed due to secondary
blood stasis after initial vessel occlusion.”

By contrast, in case 2, case 3 and ours, diagnosed as
plaque embolism from thoracic aorta, foam cells and cho-
lesterol crystals were mainly detected with very few hemo-
cyte component. Their thrombus was readily retrieved
within a short time after the onset without multiple at-
tempts, and no significant vessel stenosis that might trig-
ger embolism or blood stasis was noted. A thrombus with
simple atheromatous component only may represent em-
bolism due to ruptured atheromatous plaques,” suggesting
the existence of vulnerable plaque lesion. In our case, the
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patient had the aorta with plaque of more than 4 mm in
size and ulceration, and the plaque rupture was assumed
to be the cause of the embolic stroke. Such complex aortic
arch atherosclerosis is prevalent in ESUS patients and has
been associated with atherosclerotic burden."

If the infarction site is also in other vascular territory
and the retrieved thrombus contains a large amount of
cholesterol crystals with poor hemocytes, AES should be
suspected more aggressively than cardiogenic or paradoxi-
cal embolism. Recent study has shown that “F-sodium
fluoride activity in the thoracic aorta on positron emission
tomography is strongly associated with progressive athero-
sclerosis and ischemic stroke,” which will be deemed use-
ful for diagnosis of AES in the future. Of note, cerebral em-
boli can occur due to retrograde flow from the descending
aorta, which is seen even in patients with normal aortic
valves."”

Conclusion

Although most cerebral infarctions are diagnosed physi-
ologically or radiologically, there are instances where the
choice of subsequent therapy is uncertain, such as in cases
with both cardiogenic and arteriosclerotic features or in
ESUS cases.

Therefore, in this case, the presence of cholesterol crys-
tals in the thrombus was considered an important key to
the diagnosis. Pathological examination of the thrombus
obtained by thrombectomy may be a useful diagnostic ap-
proach for stroke etiology in individual cases and the de-
termination of its treatment.

Funding

No funding was received for this study.

Conflicts of Interest Disclosure

Hidenori Oishi, a co-author, receives a donation in the
form of a research fund to the endowed chair of his de-
partments and about 1 million yen yearly from Medtronic
Co., Ltd. The other authors have no competing of interest
to declare.

References

1) Hart RG, Diener HC, Coutts SB, et al: Embolic strokes of unde-
termined source: the case for a new clinical construct. Lancet
Neurol 13: 429-438, 2014

2) Matsumoto N, Takahashi M, Katano T, et al.: Cholesterol crystal
in thrombus removed by mechanical thrombectomy should be a
strong marker for aortogenic embolic stroke. J Stroke Cerebrovasc
Dis 29: 105178, 2020

3) Usui G, Hashimoto H, Sugita Y, et al: Aortogenic embolic stroke
diagnosed by a pathological examination of endovascularly re-
moved thrombus: an autopsy report. Ann Internal Med 128: 639-

647, 1998

4) Nidorf SM, Fiolet A, Sbela GS, et al: Viewing atherosclerosis
through a crystal lens: how the evolving structure of cholesterol
crystals in atherosclerotic plaque alters its stability. / Clin Lipid
14: 619-630, 2020

5) Haruta H, Mitsumata M, Takahashi R, et al.: Fundamental mor-
phological analysis of coronary artery atherosclerosis of Japanese
for reading the image. / Cardiol Jpn Ed 8: 39-49, 2013

6) Hitti WA, Wali RK, Weinman EJ, Drachenberg C, Briglia A: Cho-
lesterol embolization syndrome induced by thrombolytic therapy.
Am ] Cardiovasc Drugs 8: 27-34, 2008

7) Brinjikji W, Duffy S, Burrows A, et al.: Correlation of imaging
and histopathology of thrombi in acute ischemic stroke with eti-
ology and outcome: a systematic review. J Neurointerv Surg 9:
529-534, 2017

8) Brinjikji W, Nogueira RG, Kvamme P, et al.: Association between
clot composition and stroke origin in mechanical thrombectomy
patients: analysis of the Stroke thromboembolism Registry of Im-
aging and Pathology. J Neurointerv Surg 13: 594-598, 2021

9) Aliena-Valreo A, Baixauli-Martin J, Torregrosa G, Tembl J, Salom
J: Clot composition analysis as a diagnostic tool to gain insight
into ischemic stroke etiology: a systematic review. J Stroke 23:
327-342, 2021

10) Donnerstag F, Go6tz F, Dadak M, et al: Interventional stroke
treatment - Is it also safe for arteries? Looking at thrombectomy
wall damage through clot histology. Interv Neuroradiol 27: 404-
410, 2021

11) Chueh JY, Wakhloo AK, Hendricks GH, et al.: Mechanical charac-
terization of thromboemboli in acute ischemic stroke and labo-
ratory embolus analogs. Am J Neuroradiol 32: 1237-1244, 2011

12) Hashimoto T, Hayakawa M, Funatsu N, et al: Histopathologic
analysis of retrieved thrombi associated with successful reperfu-
sion after acute stroke thrombectomy. Stroke 47: 3035-3037, 2016

13) Semerano A, Genchi A, Sanvito F, et al.: Thrombus hallmarks re-
veal atherothrombotic stroke aetiology. / Neruol 266: 1533-1535,
2019

14) Koiwai M, Ichikawa T, Suzuki K, et al: A case of mechanical
thrombectomy for acute middle artery occlusion during percuta-
neous coronary intervention for acute myocardial infarction. No-
sotchu 43: 337-342, 2021

15) Eto F, Koge J, Tanaka K, et al: Atherosclerotic components in
thrombi retrieved by thrombectomy for internal carotid artery
occlusion due to large artery atherosclerosis: a case report. Front
Neurol 12: 670610, 2021

16) Ntaios G, Pearce LA, Meseguer E, et al.: Aortic arch atherosclero-
sis in patients with embolic stroke of undetermined source: an
exploratory analysis of NAVIGATE ESUS trial. Stroke 50: 3184-
3190, 2019

17) Fletcher AJ, Tew YY, Tzolos E, et al.: Thoracic aortic “F-sodium
fluoride activity and ischemic stroke in patients with established
cardiovascular disease. JACC Cardiovasc Imaging 15: S1936-878X
(22)00007-9, 2022

18) Wehrum T, Kams M, Strecker C, et al.: Prevalence of potential
retrograde embolization pathways in the proximal descending
aorta in stroke patients and controls. Cerebrovasc Dis 38: 410-
417, 2014

Corresponding author: Natsuki Sugiyama, MD, PhD
Department of Neurosurgery, Koshigaya Municipal Hospital, 10-
32 Higashi Koshigaya, Koshigaya City, Saitama 343-8577, Japan.
e-mail: natusking0602@yahoo.co.jp

NMC Case Report Journal Vol. 9, 2022



