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Optical coherence tomography (OCT) can be used to characterize the details of calcified plaques because it allows high-resolution
evaluation of coronary plaques, thrombi, and calcium.

A 72-year-old man on haemodialysis who had stenosis with a severe calcified lesion at the left anterior descending artery underwent
percutaneous coronary intervention. Pre-intervention OCT imaging identified a nodular calcification (NC) that protruded into the
lumen of the left anterior descending artery. To treat this lesion, we performed orbital atherectomy using the Diamondback 360
coronary orbital atherectomy system. After ablation of the nodular lesions at low and high speed, OCT showed newly emerged
granular and filamentous structures that resembled sea anemone tentacles (these represented calcified nodule-like OCT findings).
These structures appeared to extend from the proximal part of the ablated small NC, and shifted distally after balloon dilatation.
Stent implantation was performed to entirely cover these structures, with no resulting complications. However, early in-stent re-

stenosis occurred at 4 months follow-up.

A tentacle-like OCT appearance in calcified lesions has not been previously reported. This represents a very rare and interesting
imaging finding that reflects the relationship and origins of NCs and calcified nodules. The maturity of the NC lesions and the lateral
sanding style of the orbital atherectomy system may have contributed to this striking OCT finding.
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2.1 Imaging modalities ® 3.1 Coronary artery disease

OCT finding).

e Orbital atherectomy system-based debulking of nodular calcified lesions in a haemodialysis patient revealed a very unusual granular and fila-
mentous appearance on optical coherence tomography (OCT) that resembled sea anemone tentacles (this represents a calcified nodule-like

e The sea anemone tentacle-like structures were potentially platelet/fibrin thrombi formed by the mixing of intra-nodal components and
blood flow due to debulking.

e Although nodular calcification and calcified nodules are distinctly different pathological lesion morphologies, our findings suggest that both
conditions are transitional.
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Introduction

Optical coherence tomography (OCT) provides high-resolution as-
sessment of coronary plaques, thrombi, and calcium deposits. As
such, it can be used to characterize the details of calcified plaques, in-
cluding nodular calcifications (NCs) and calcified nodules (CNi).
Nodular calcifications and CNs are characterized by an underlying
heavily calcified plaque with a distinct nodular mass of calcium that

Summary figure

protrudes into the lumen. However, unlike NCs, CNs rupture into
the lumen and are always associated with a thrombus."

Herein, we report a male haemodialysis patient with NC lesions in
the left anterior descending artery (LAD) who underwent debulking
using orbital atherectomy. The patient showed very unusual granular
and filamentous structures on OCT resembling sea anemone tenta-
cles that appeared to be platelet/fibrin thrombi, which closely re-
sembled a CN.
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Unusual OCT findings after orbital atherectomy

A 72-year-old man was referred to our hospital for bradycardia and
hypotension during haemodialysis. He had started maintenance haemo-
dialysis 10 years earlier because of diabetic nephropathy. On physical
examination, his consciousness was clear and his blood pressure was
144/80 mmHg, pulse was 27 beats/min with regular rhythm, body tem-
perature was 36.4°C, and oxygen saturation was 94% in room air.
Auscultation revealed normal respiratory sounds and a grade 2/6 sys-
tolic ejection murmur at the 2nd intercostal space of right border of
the sternum, and lower extremity oedema was not observed.
Laboratory results indicated an elevation in brain natriuretic peptide le-
vels at 1076.1 pg/mL (normal range: <18.4 pg/mL), but no increase in
creatine kinase (CK) at 43 U/L (men: 59-248 U/L, women: 41—
153 U/L), CK-MB fraction at 8 IU/L (<12 IU/L), and high-sensitivity car-
diac troponin T at 0.074 ng/mL (<0.10 ng/mL). Chest radiography
showed cardiomegaly without pleural effusion. Twelve-lead electrocar-
diography showed a heart rate of 34 beats/min with complete atrioven-
tricular block. Transthoracic echocardiography revealed left ventricular
hypertrophy, but no wall motion abnormality (ejection fraction of
68%), along with a mild level of aortic stenosis, mitral and tricuspid re-
gurgitation. His bradycardia was caused by paroxysmal atrioventricular
block. Given the possibility of myocardial ischaemia as the cause of par-
oxysmal atrioventricular block and hypotension during haemodialysis, a
temporary pacemaker was implanted, and simultaneous coronary angi-
ography (CAG) was performed. Coronary angiography showed severe
stenosis with eccentric calcified lesions in the proximal LAD (Figure 1A
and B). The stenotic lesion in the LAD was considered stable because
there were no chest symptoms or findings on clinical examination
that suggested acute coronary syndrome (ACS).

Blood pressure did not decrease during haemodialysis after tempor-
ary pacemaker implantation, and dual antiplatelet therapy (DAPT) with
aspirin and prasugrel [the standard regimen in percutaneous coronary
intervention (PCI) at our hospital and throughout Japan] was initiated
after permanent pacemaker implantation. The patient was treated
with DAPT for at least 2 weeks, and after confirming the condition of
the pacemaker wound and the tolerability of DAPT for bleeding compli-
cations, treatment of the stenotic lesion of the LAD was initiated.

The first step involved functional ischaemia evaluation of the LAD
stenosis, which revealed a resting full-cycle ratio of 0.79 and a pressure
gradient of 0.1 at the site of the eccentric calcified lesion (Figure 1C). PCI
was performed using a 7 F guide catheter. Pre-intervention OCT
(Dragonfly OpStar; Abbott Vascular, Santa Clara, CA, USA) showed
semi-peripheral NC in the stenotic lesion (see Supplementary
material online, Video ST; Figure 2A). Debulking with the Diamondback
360 coronary orbital atherectomy system (OAS) (Cardiovascular
Systems, St. Paul, MN, USA) was performed three times at low speed
(80000 rpm). After OCT evaluation, an additional atherectomy was
performed at a higher rotational speed (120 000 rpm). Optical coher-
ence tomography images after high-speed atherectomy showed that
the NC lesions were effectively resected, with discontinuity of the over-
lying superficial cap. Surprisingly, however, new granular and filament-
ous structures were observed proximal to the target lesions, which
resembled sea anemone tentacles (a CN-like OCT finding see
Supplementary material online, Video S2; Figure 2B).

The electrocardiogram was unchanged, the TIMI flow grade was 3,
and there was no evidence of slow flow or distal embolization. These
very unusual tentacle-like structures appeared to be continuous from
the debulked small NC lesion proximal to the target site, and OCT ob-
servation after dilatation with a 3.0 mm diameter scoring balloon (NSE
Alpha; Goodman, Nagoya, Japan) revealed that although the lumen was
fully dilated, extensive medial dissection had occurred and the struc-
tures appeared to have migrated somewhat distally (see
Supplementary material online, Video S3; Figure 2C). A DES (Xience
Skypoint 3.0 mm X 23 mm; Abbott Vascular) was implanted to cover

the entirety of these structures, with no resulting complications.
Optical coherence tomography showed adequate stent expansion
and granular filamentous-like structures crimped to the outside of
the stent (see Supplementary material online, Video S4; Figure 2D).
Because of the TIMI3 flow without distal embolization, no additional an-
ticoagulation agents or vasodilators were administered post-
operatively, and there were no perioperative elevations in myocardial
enzymes. The patient was discharged uneventfully.

At a 4-month follow-up, the patient was asymptomatic but showed
in-stent restenosis (ISR) on CAG (Figure 2E). Optical coherence tomog-
raphy and intravascular ultrasound (IVUS) were performed to evaluate
the mechanism of ISR (Figure 2E1-5 and E1'—5’). The granular and fila-
mentous sea anemone tentacle-like structures seen at the time of initial
PCI and crimped by the stent were no longer present on follow-up
OCT (see Supplementary material online, Video S5). Heterogeneous se-
vere intimal hyperplasia and organized thrombi were observed from
the proximal to the mid portion of the stent, where the nodule pro-
truded from the stent strut, and balloon dilation caused medial dissec-
tion. The distal stent sites with the crimped sea anemone tentacle-like
structures contained distal NC lesions that became elliptical stent ex-
pansions. However, no restenosis was observed. Reintervention with
a 3.0 mm diameter scoring balloon (Aperta NSE; Goodman) and a
3.0 mm X 25 mm drug-coated balloon (SeQuent Please; B.Braun,
Berlin, Germany) was performed and successfully dilated the ISR lesion.

We experience a haemodialysis patient with a stable NC lesion in the
LAD in which debulking using OAS disrupted the overlying superficial
fibrous cap and caused the appearance of granular and filamentous-like
structures on OCT, which resembled a CN. Schematic images are pre-
sented in Figure 3. Calcified nodule is an infrequent but important
pathological condition that can occasionally cause ACS. The recent de-
velopment of OCT has provided an opportunity to better understand
this condition." Torii et al.> hypothesized that disruption of the fibrous
cap and subsequent thrombosis in CN is initiated by the fragmentation
of the calcified necrotic core via external mechanical forces in the cor-
onary arteries in which hinge motion or excessive torsion is apparent. In
the present patient, the OCT findings of tentacle-like structures were
characterized by low backscatter with many contiguous small granular
structures without signal-free shadowing, which are likely white plate-
lets/fibrin thrombi.®

To our knowledge, there is only one case report of similar signal-rich
dots with little attenuation on OCT.* In that study, a white web-like
constitution floating in the lumen was visualized by angioscopy, which
was considered a fibrin thrombus based on its morphological charac-
teristics. Note that those findings were observed after implantation
of two stents into a non-calcified tandem lesion with stable angina pec-
toris. Although the patient background and lesion characteristics were
different from those in the present case, the OCT findings were very
similar. Thus, speculatively, the sanding of the NC lesion by OAS may
have caused disruption of the fibrous cap and thrombus formation,
which resulted in a CN-like morphology. If this was initially identified
as a thrombus, we may have changed the treatment strategy to throm-
bus aspiration or enhanced anticoagulation during and after PCI
However, because the identity of this OCT-observed structure could
not be clarified during PCl, we made a quick decision to crimp it with
a stent. Morphological evaluation with other modalities (e.g. IVUS, an-
gioscopy, and pathologically with thrombus aspiration) would have
aided with identification.

Regarding the relationship between NC and CN, CN is described as
‘eruptive’ and may be an early stage NC lesion with an intraplaque
haemorrhage and a lipid core, while NC is described as ‘non-eruptive’
and may be a more mature lesion with a healed eruptive CN.>* Indeed,
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(A, B) Coronary angiography showed severe stenosis with heterocentric calcification (black arrow) in the proximal left anterior descending
artery. (C) The resting full-cycle ratio was 0.79, and the pressure gradient at the stenotic site was 0.1 (white arrow).

(A) Pre-intervention coronary angiography (CAG) in the proximal left anterior descending artery (LAD). (A1-A5) Optical coherence tom-
ography (OCT) images showed proximal small nodular calcification (NC) (A1, asterisk), mild stenosis with sheet calcification (A2), target NC (A3, double
asterisk; the minimum luminal area was 2.96 mm? and the calcium score of the target lesion based on OCT was calculated as 2 points for lesion length
and calcium thickness), distal small NC (A4, triple asterisk), and a distal reference site with sheet calcification (A5). (B) CAG after high-speed retrograde
orbital atherectomy. (B1-B5) OCT images showed newly emerged granular structures at the proximal small NC (B 1, B2), effective ablation of the target
NC (B3), and untreated lesions not debulked with orbital atherectomy (B4, 5). (C) CAG after dilatation of the scoring balloon. (C1-C5) OCT images
showed extensive medial dissection (C1—C3), and the granular structures appeared to have migrated distally (C4, 5). (D) CAG after implantation of an
everolimus-eluting stent (dotted line). (D1-D5) OCT images showed in-stent calcified nodule (CN) protrusion (D1, 3, arrowhead), good circular stent
expansion (D2), elliptical stent expansion with a minimum stent area of 6.59 mm? (D3, 4), and granular structures trapped by the stent (D5, arrowhead).
(E) CAG at 4 months after percutaneous coronary intervention. In-stent restenosis (ISR) was observed from the proximal to the mid portion of the
stent (dotted line). (E1-5, E1'=5") High backscatter attenuation (E1, E3, crosses) on OCT and acoustic shadows (E1’, E3’, white double crosses) on
intravascular ultrasound (IVUS) were seen at the restenosis site, which is consistent with protruding in-stent CNs. Heterogeneous neointimal hyper-
plasia and organized thrombi were observed at the ISR lesion (E1-3, E1'-3"), where medial dissection after balloon dilatation and CN protrusion
through the stent struts were observed at the initial PCI. At the distal stent site, the stent shape was elliptical because of the NC, although no restenosis
was observed (E4, E4'). Granular structures crimped by the stent were unclear (E4, 5, E4', 5').
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Schematic images of coronary angiography and representative optical coherence tomography (OCT) cross sections of the black arrow.
(A) Prior to percutaneous coronary intervention. (A7) Proximal small-sized nodular calcification (NC). (A7") Cross-sectional image of the same
OCT as Figure 2A1. (B) After high-speed retrograde orbital atherectomy. (B1) New granular and filamentous structures that looked like sea anemone
tentacles appeared proximal to the target NC lesions. (B1’) Cross-sectional image of the same OCT as Figure 2B1. (C) After dilatation with a scoring
balloon. (C1) Medial dissection was formed by balloon dilatation. (C1’) Cross-sectional image of the same OCT as Figure 2C1. (C2) The sea anemone
tentacle-like granular and filamentous structures appeared to have migrated distally. (C2') Cross-sectional image of the same OCT as Figure 2C5.
(D) After implantation of an everolimus-eluting stent. (D7) The stent was roundly expanded with in-stent CN protrusion. (D1’) Cross-sectional image
of the same OCT as Figure 2D 1. (D2) The sea anemone tentacle-like structures were trapped by the stent. (D2’) Cross-sectional image of the same OCT
as Figure 2D5. (E) In-stent restenosis occurred after 4 months. (E71) Organized thrombi and neointimal proliferation with in-stent CN protrusion were
observed in the stent. (E1") Cross-sectional image of the same OCT as Figure 2E1. (E2) The sea anemone tentacle-like structures were unclear, and a
thin neointima had formed. (E2") Cross-sectional image of the same OCT as Figure 2E5.

these differences in lesion morphology between ‘eruptive’ and
‘non-eruptive’ CNs as classified by OCT can cause significant differ-
ences in the degree of stent expansion and clinical outcomes, especially
in target lesion revascularization (TLR).> Unfortunately, our patient also
experienced TLR due to early restenosis despite relatively good stent
expansion, which is consistent with the degree of stent expansion
and frequent revascularization outcomes reported after stenting for
‘eruptive’ CNs.> The formation of severe medial dissection, which
was reported to be a determinant of stent restenosis and TLR in calci-
fied lesions,® and CN protrusion through the stent struts as an early
stent restenosis factor in haemodialysis patients” are findings consistent
with our patient.

We also observed a sea anemone tentacle-like structure that ap-
peared to be a fibrin thrombus crimped distal to the stent. However,
this site had no restenosis, and the finding did not appear to affect
the outcome. Calcified nodules have a high incidence of subsequent

major adverse cardiac events, irrespective of whether they are treated
as culprit or untreated non-culprit lesions in ACS.2° The EROSION
trial suggested that identification of the culprit lesion morphology in
ACS during OCT-guided PCl may help determine a PCl strategy, espe-
cially a stentless treatment for plaque erosion.'® Nevertheless, the op-
timal treatment strategy for CN remains unclear. Our patient
underwent stent implantation because of severe medial dissection after
balloon dilatation and to cover the thrombus-like structures. However,
a stentless strategy may have been a better choice for initial CN treat-
ment because of concerns over potential future stent-related adverse
events and to leave the potential for debulking in subsequent treat-
ments. A case report by Nishi et al."" using OCT and NIRS-IVUS sug-
gested that the underlying necrotic core of CNs may be further
increased by continued mechanical stress, which leads to luminal nar-
rowing with lipid accumulation and immune cell infiltration, and that in-
tense lipid-lowering and anti-inflammatory therapies are potential
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treatment options to stabilize CNs. Further studies on the optimal
treatment strategy for CNs, including PCl and adjunctive therapies,
are warranted.

In conclusion, we experienced a haemodialysis patient with OAS de-
bulking of an NC, which was considered a stable lesion, and presented
with OCT findings indicative of a thrombus with superficial disruption
(this closely resembled a CN). Although NCs and CNs have distinctly
different pathological lesion morphologies, this is the first report sug-
gesting that they may be transitional pathologies. Considering the limi-
tation that OCT cannot strictly distinguish between NCs and CNs, it is
also possible that lesions considered stable NCs may be in a relatively
immature stage, and that the maturity of the NC lesions and the lateral
sanding style of the OAS may have contributed to our striking OCT
findings.
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