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Abstract

Background—Intravascular polarization-sensitive optical frequency domain imaging (PS-OFDI)
offers a novel approach to measure tissue birefringence, which is elevated in collagen and smooth
muscle cells, that in turn play a critical role in healing coronary thrombus (HCT). This study
aimed to quantitatively assess polarization properties of coronary fresh and organizing thrombus
with PS-OFDI in patients with acute coronary syndrome (ACS).

Methods and results—The POLARIS-I prospective registry enrolled 32 patients with ACS.
Pre-procedural PS-OFDI pullbacks using conventional imaging catheters revealed 26 thrombus-
regions in 21 patients. Thrombus was manually delineated in conventional OFDI cross-sections
separated by 0.5 mm and categorized into fresh thrombus caused by plaque rupture, stent
thrombosis, or erosion in 18 thrombus-regions (182 frames) or into HCT for 8 thrombus-regions
(141 frames).

Birefringence of coronary thrombus was compared between the 2 categories. Birefringence in
HCTSs was significantly higher than in fresh thrombus (An = 0.47 (0.37 - 0.72) vs. An = 0.25

(0.17 - 0.29), p = 0.007). In a subgroup analysis, only using thrombus-regions from culprit lesions,
ischemic time was a significant predictor for birefringence (B (An) = 0.001 per hour, 95% CI
[0.0002 - 0.002], p=0.023).
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Conclusions—Intravascular PS-OFDI offers the opportunity to quantitatively assess the
polarimetric properties of fresh and organizing coronary thrombus, providing new insights into
vascular healing and plaque stability.
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Introduction

Acute coronary syndrome (ACS) is a life-threatening coronary thrombotic complication (1),
caused by plaque rupture (PR), plaque erosion, calcified nodules, or stent-related issues
(2-5). While coronary thrombosis may precipitate ACS, it is well understood that subclinical
coronary thrombus formation and its organizing process are common in the progression

of chronic coronary artery disease (6). Therefore, assessing the organization of coronary
thrombus is important to understand the vascular healing process in patients.

Histopathological studies identified three stages in the evolution of coronary thrombus (7-9).
First, fresh thrombus (<1 day) is formed, comprising platelet aggregates, erythrocytes, intact
granulocytes, and fibrin. Second, evolution into lytic thrombus (1 to 5 days) is characterized
by the appearance of necrotic areas and granulocytes. Third, organized thrombus (>5 days)
is hallmarked by the presence of smooth muscle cells (SMCs), homogeneous or hyaline
fibrin, deposition of connective tissue, and capillary vessel ingrowth.

Intravascular optical coherence tomography (OCT) permits accurate identification of

fresh coronary thrombus and differentiation between erythrocyte-rich ‘red’ thrombus and
predominantly platelet-containing ‘white’ thrombus (10-12). Although OCT has been
reported to be able to identify newer intima that covers healing or healed coronary plaques
by its appearance of smooth layered structures, this relies on subjective and qualitative
image interpretation, without insight into the underlying tissue morphology of composition
(13). The conventional OCT signal is insensitive to the composition and the age of fresh or
healing coronary thrombus (HCT).

Pioneering research by Villiger and Otsuka et al. demonstrated the ability of intravascular
polarimetry with polarization-sensitive (PS) optical frequency domain imaging (OFDI) to
quantitatively measure birefringence and depolarization. These intrinsic tissue properties
serve as endogenous contrast mechanism and enabled differentiating between morphometric
plaque properties (14, 15). Especially collagen and SMCs have been shown to display
increased birefringence due to their fibrillary architecture (14, 16). Since these components
play a pivotal role in the evolution of thrombus, we aimed to investigate the polarimetric
properties of thrombus-containing regions in patients with ACS and to explore their
association with clinical parameters.
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Methods

Study population

Patients were included as part of the POLARIS-I prospective registry. This single center
registry enrolled patients presenting with ACS (being either unstable angina, non-ST
segment elevation myocardial infarction or ST segment elevation myocardial infarction)
with an indication to perform intravascular imaging using conventional OFDI. Patients
presenting with cardiogenic shock or severe hemodynamic instability were excluded.
Additionally, patients with a known allergy to contrast media, severe impaired renal function
(estimated glomerular filtration rate < 35 ml/min/1.73 mm2), or other reasons impeding
OFDI imaging were also excluded.

PS-OFDI image acquisition
PS-OFDI acquisition was performed with commercialized OFDI catheters and the matching
pullback device (FastView, Terumo Corporation) interfaced with a custom-built state-of-
the-art PS-OFDI console (14). Pullbacks were performed at pullback speeds of 10 or
20 mm/s at the operator’s discretion. Conventional OFDI intensity images were used
in the catheterization laboratory to provide the operator with ad-hoc information on the
coronary anatomy and the location of interest. Reconstruction of the polarimetric signals
was performed offline (reconstruction is sufficiently fast to permit integration into the
catheterization laboratory workflow if ad-hoc polarization properties are required in future
studies). No complications due to PS-OFDI imaging were encountered. The study was
performed in accordance with the Declaration of Helsinki. The study protocol was approved
by the local ethics committee on May 8 2018 (study ID: MEC-2018-1193). Patients
provided written informed consent for the procedure and the use of anonymous datasets
for research purposes in alignment with the Dutch Medical Research Act.

Study definitions

Culprit lesions were defined as the leading cause for the experienced ACS and comprised the
most severe narrowing of the coronary lumen as appreciated in the OFDI intensity images.

Ischemic time was defined as the time between the onset of acute symptoms and the start
of the percutaneous coronary intervention (PCI). In the absence of abrupt symptoms, the
time of detecting first elevated high-sensitivity cardiac troponin was taken as the onset. The
ischemic time served as an estimate for the age of thrombus only if thrombi were located in
the culprit lesion.

Conventional OFDI delineation and analysis

Thrombus-regions were defined as adjacent frames containing visible thrombus in the
conventional OFDI intensity images. Multiple thrombus-regions could be present within
a pullback. Thrombus-regions were categorized into one of 4 groups based on their
appearance in the intensity images: thrombus due to PR, stent thrombosis (ST), thrombus
due to plaque erosion and finally thrombus in the form of HCT (Figure 1)(17). Thrombus
was allocated to the PR group if a rupture site could be visualized. Thrombus attached to
a previously implanted stent was allocated to the ST group. Irregularly shaped thrombus
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in a non-lipid rich region without evident signs of rupture was labelled as plaque erosion.
Finally, HCTs were defined as smooth layered structures located flat against the luminal
wall without any current sign of rupture (13). For statistical analysis, HCTs were compared
to fresh thrombus, compounding PR, ST and plaque erosions.

Volumetric luminal analysis of the thrombus-region was performed in fixed 0.5 mm frame-
intervals using QCU-CMS viewing software (Leiden University Medical Centre, Leiden,
The Netherlands). Manual lumen and thrombus segmentation in the corresponding frames
was performed using a dedicated user interface written in MATLAB (The MathWorks,
Inc., Natick, Massachusetts). High attenuating thrombus was merely delineated to the
extent that the backscattering signal allowed for accurate thrombus identification (Figure
1). Segmentation was performed independently by two OCT/OFDI experts (L.v.Z., K.O.),
followed by a consensus meeting. Volume analysis was performed using the disk summation
method. Additional analysis was performed at the shoulder of identified plaque ruptures,
in the first frame with an intact fibrous cap, either distal or proximal to the plaque

rupture, and in additional cross-sections in remote fibroatheromas. The intact fibrous caps
overlying highly attenuating lipid-rich plague were manually delineated. Minimum fibrous
cap thickness and fibrous cap area were measured with the dedicated MATLAB interface.

Polarimetry analysis

Analysis of birefringence and depolarization was performed at Massachusetts General
Hospital (Boston, Massachusetts, USA) blinded to the conventional OFDI analysis and
clinical information from the patients at the Erasmus Medical Center (Rotterdam, The
Netherlands). Polarimetric measurements were automatically computed based on the
segmentation in the conventional OFDI images. Birefringence (An) describes the difference
of the refractive indices experienced by light polarized parallel and orthogonal to the
fibrillary tissue components (18). Median values, B’s and 95% confidence interval (CI)

for birefringence are given in units of 1073 throughout this manuscript.

Depolarization is related to the randomization of the detected polarization states within a
small region around each pixel. It is expressed as the ratio of the depolarized signal divided
by the total signal (18). Depolarization ranges from 0 to approximately 0.5, however, above
0.2 the increased randomization of the polarization states frustrates accurate evaluation of
birefringence (18). Therefore, in the current study, median birefringence measurements were
only assessed in regions with a depolarization < 0.2.

Statistical analysis

Categorical variables are reported as counts (percentage) and continuous variables are
reported as mean + standard deviation (SD) or median + interquartile range (IQR). Variables
were compared using a generalized linear mixed-effects model (GLME-model) with a
random effect for the patient. The latter was done to correct for the possible presence

of multiple thrombi in a single patient. On a frame level, variables were compared

using a nested GLME-model with a random effect for frames in each thrombus-region
nested within each vessel. Subsequently, using median An as the independent variable any
univariate predictor with a p<0.05 was inserted into a multivariate (nested) GLME-model.
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An distributions were calculated by counting the relative occurrence of An values within
52 equally spaced bins in the range from 0 — 2.0 * 1073 across all frames of each
thrombus-region. Distribution plots report the mean values + SD of each bin across all
thrombus-regions within either of the HCT or the fresh thrombus groups. All tests were
two-tailed and a p<0.05 was considered statistically significant. All statistical analysis was
performed using R (version 3.5.1, packages: Ime4).

Baseline patient characteristics

The Polaris-1 registry included 32 patients (38 vessels) undergoing pre-PCl PS-OFDI.
Pullbacks in five patients could not be used for the current analysis due to insufficient
flushing with contrast medium (n=3), catheter malfunction (n=1), or failure to assess the
polarization states (n=1). From the remaining 27 patients with suitable OFDI acquisition,
21 patients (21 vessels) displayed one or more coronary thrombi in the conventional OFDI
pullbacks. Table 1 depicts the baseline characteristics of all patients with coronary thrombus
identified in the OFDI intensity images. Patients with coronary thrombus were of male
gender in 62%, had diabetes mellitus in 29%, and presented with unstable angina and
non-ST segment myocardial infarction in 14% and 76%, respectively. All patients were
preloaded with aspirin and P2Y 12 inhibitors at the time of diagnosis.

Thrombus characteristics

A total of 26 thrombus-regions were identified, and grouped into 15 PR, 2 ST, 1 plaque
erosion and 8 HCT. No fresh thrombi in lipid rich plaques without signs of rupture were
found. The thrombus-region was within the culprit lesion in 17 cases (65 %) (Table 2).
HCTSs were less often located within the culprit lesion as compared to fresh thrombus (25
% vs. 83 %, p = 0.004). For patients with thrombus-containing culprit lesions, the median
time between onset of symptoms and intravascular imaging was 27 (14.5 — 86) hours. The
26 thrombus-regions comprised a total of 1666 frames with thrombus. At an interval of 0.5
mm, 323 frames were subsequently analyzed, 160 frames belonging to PR, 16 to ST, 6 to
plaque erosion and 141 to HCT (Table 3). The median birefringence and depolarization of
all thrombus-regions were 0.28 (0.21 — 0.45) and 0.07 (0.05 — 0.08), respectively.

Polarimetric analysis of thrombus

In the univariate GLME-analysis, on a thrombus-region level, HCTs displayed significantly
higher birefringence than fresh thrombus (An = 0.47 (0.37 — 0.72) vs. An = 0.25 (0.17 —
0.29), p = 0.007) (Table 2). The birefringence did not differ between the types of fresh
thrombi. In an unadjusted subgroup analysis (Table 4), only using thrombus-regions from
culprit lesions, for which ischemic time can serve as a metric of thrombus age, the ischemic
time was a significant predictor for birefringence (8 (An) = 0.001 per hour 95% CI [0.0002 -
0.002], p = 0.023). Figure 2 depicts the distribution of birefringence found in fresh thrombi
and HCTSs, respectively.

The univariate GLME-model on a frame level demonstrates predictors for birefringence
(Table 5). First the type of thrombus, specifically HCT, was a significant predictor for
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birefringence (8 (An) = 0.27, 95% CI [0.13 — 0.42], p = 0.006). Additionally, thrombi in
culprit lesions displayed lower birefringence (8 (An) = -0.17, 95% CI [-0.31 - -0.04], p

= 0.015). Finally, the ischemic time was significantly correlated to birefringence (B (An) =
0.001 per hour, 95% CI [0.00002 — 0.0021], p = 0.022). In a multivariate GLME-model on
a frame level including the effect of HCT and whether or not the thrombus was located at
the culprit site, only HCT was a predictor for birefringence (3 (An) = 0.26, 95% CI [0.12 -
0.39], p < 0.001). No difference in depolarization was observed between the thrombus types
on a lesion or frame level.

Polarimetric analysis of fibrous caps

A total of 18 fibrous caps was analysed, 9 from the shoulders of ruptured plaques, and 9
from remotely located fibroatheromas. The median cap thickness did not differ between the
ruptured and non-ruptured caps (108 pm (97 — 142) vs. 121 um (109 — 163) respectively, p
= 0.258) (Table 6). Birefringence and depolarization measurements displayed similar values
between the groups.

Discussion

The POLARIS-I registry was designed to investigate the polarization signatures of coronary
thrombus with intravascular polarimetry in patients with ACS. We demonstrate, for the first
time, a significantly higher birefringence in HCTSs than in fresh thrombus. Additionally,

we found that birefringence of coronary thrombus increased with extending ischemic

time, which is likely indicative of thrombus age. Finally, we observed no difference in
birefringence between fibrous caps of ruptured plaques and those of remote fibroatheromas
within the present cohort of patients with ACS.

OCT modalities currently provide the highest spatial resolution for intravascular imaging,
providing the operator with an in-depth evaluation of the coronary wall in an acute

setting (19, 20). Conventional OCT can differentiate between red and white thrombus
based on their signal attenuation and helps to identify the lesion morphology underlying

an ACS. Pathological research indicated that a PR can occur silently, without causing
physical symptoms, and that these thrombotic regions subsequently start to heal (21). There
remains a clear need to better understand the evolution and possible impairment of vascular
healing, initiated by thrombus formation and its subsequent organization (10-12). Yet, to
date, thrombus age and composition can only be reliably assessed using histopathological
examination, which has no place in an acute setting (8).

Intravascular polarimetry with PS-OFDI is an extension of the conventional OCT that
enables accurate measurement of the birefringence induced by organized linear structures
such as SMCs and collagen (14, 22). The latter is illustrated by the high birefringence

of the tunica media, which is rich in tightly arrayed SMCs (14). Birefringence and
polarization data should be seen as complimentary to the standard structural intensity signal
and may provide more detailed information on the composition, and, hence, stability of

the underlying plaque. In a previous study of intravascular polarimetry, we observed low
birefringence in white thrombus but did not investigate HCTs (14, 15). In the current study,
HCTs displayed significantly higher birefringence than fresh thrombus. Fresh thrombus is
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primarily unorganized while in a later stage, linear fibrillar structures such as connective
tissue and SMCs emerge, which are absent immediately after an acute coronary event (7—
9). This SMC proliferation and collagen synthesis can explain the observed increase in
birefringence.

Furthermore, we demonstrated that location of the thrombus remote from culprit site and
ischemic time were univariate predictors of birefringence. It should be taken into account,
however, that the ischemic time is highly correlated to the thrombus type as can be
appreciated in Table 2. It is plausible that impaired vascular healing after silent PR or
plaque erosion leads to symptomatic ACS , but this phenotype would be challenging to
diagnose with conventional OCT/OFDI. Indeed, plaques with a layered appearance in the
OCT intensity signal have been shown to exhibit histopathological features of newer intima
covering the original lesion substrate as a result of vascular healing, without, however,
offering insight into its temporal course. Our observations suggest that PS-OFDI offers
unique insight into the vascular healing process through the signatures that the thrombus
organization imparts on the polarization of the near infrared light used for OCT/OFDI (13).

Previous research hypothesized that fibrous caps that are prone to rupture would display
lower birefringence compared to stable caps due to a lack of collagen that impairs
mechanical stability (23). In our sub-analysis comparing fibrous caps at the shoulder of
ruptured plagques with caps of remote non-ruptured fibroatheromas in a limited number of
patients with ACS, no difference was observed in birefringence and neither in cap thickness.
The thickness of the cap, measured just proximal or distal of the rupture, is probably not
representative for the thickness of a fibrous cap, prone to rupture in the near future. With
the current analysis we aimed to provide detail on the cap integrity by assessing additional
biomechanical factors related to plaque structural stress on top of conventional thickness
measurements (24). Furthermore, median birefringence in both ruptured caps and the caps
of remote lesions were relatively low compared to the birefringence measured in fibrous
plaques, suggesting a lower collagen content in ACS-caps than in evidently fibrous plaques
(15). This may be explained by increased collagenolytic activity of inflammation within the
entire culprit arteries in patients with ACS (2, 15).

Impact on daily practice

Coronary thrombus formation and its organizing process following subclinical plaque
rupture play a pivotal role in disease progression. Birefringence, measured with polarization-
sensitive optical frequency domain imaging (PS-OFDI), provides unique insights into the
tissue composition of organizing coronary thrombus. In the present study, we demonstrated
for the first time that birefringence of healing thrombus was significantly higher than

that of fresh thrombus, our observations suggest that assessing composition of coronary
thrombus with PS-OFDI offers a novel approach for studying vascular healing and plaque
vulnerability in patients. Therefore, birefringence could provide clinicians with quantitative
data on the biomechanical integrity of thrombus, providing a more personalized approach in
treatment strategies.
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Limitations

The present study has several limitations that deserve to be mentioned. First, the number
of erosions found in the present patient cohort does not correspond to previously reported
rates of incidence (22-44%) (2, 25). This might be due to the relatively small number of
study patients and a selection bias, caused by the entry criteria of the POLARIS-I registry.
Secondly, although we analyzed a substantial number of frames presenting thrombus
material, the total number of lesions analyzed was modest and we identified two separate
thrombus-regions within 5 of the 21 thrombus-containing vessels. We aimed to correct for
this by using a nested GLME-model. Finally, we assessed the thrombus volume based on
images of conventional OFDI intensity. Only clearly identifiable thrombus was delineated,
excluding strongly attenuated areas of red thrombus. This may have artificially decreased
the depolarization measured in these thrombi resulting in a similar appearance between all
thrombi groups. It also impeded us from obtaining the true volume of these thrombi.

Conclusion

In this analysis of the POLARIS-I registry we were able to demonstrate a significantly
higher birefringence in HCTSs than in fresh thrombus. Strengthening the latter observation,
the ischemic time was a significant predictor of birefringence. These results suggest

that birefringence measured with PS-OFDI provides quantitative assessment of coronary
thrombus composition and age in vivo. This may enable future research investigating
whether the composition of thrombus can help in risk stratification and patient management.
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Figure 1: Delineation of four types of thrombi in the intensity and birefringence image
Four different categories of coronary thrombi, panel 1 through 3 are fresh thrombi. 1, plaque

rupture; 2, stent thrombosis; 3, erosion; 4, healing coronary thrombus. A, standard intensity
image; B, zoomed in the intensity images with thrombus delineation; C, corresponding
birefringence images; D color grading of polarization signal.
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Figure 2: Birefringence distribution of healing coronary thrombus and fresh thrombus
Purple and green lines indicate the relative frequency of a given birefringence value of

healing coronary thrombus (HCT) and fresh thrombus, respectively, averaged across all
thrombus-regions of each group. The shaded areas indicate the standard-deviation across the
thrombus-regions. Birefringence of HCT is higher than that of fresh thrombus.
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Baseline patient characteristics

Table 1 —

Variable

Patients with confirmed thrombus with OFDI (n=21)

Gender (male)
Age (years)
Hypertension
Hypercholesterolemia
Diabetes mellitus
Family history of CAD
Smoking history
Prior myocardial infarction
Prior PCI
Prior target vessel PCI
Prior CABG
Indication for PCI
Unstable angina
NSTEMI
STEMI
>1 vessel treated
Culprit vessel
LAD
LCX
RCA
Cardiac enzymes at time of presentation
hs-cTn T (ng/l)
hs-cTn I (ng/l)
CK
CK-MB
Ischemic time (hours)
LDL-cholesterol mg/dl

Hematocrit

Antithrombotic therapy before presentation

NOAC
ASA
P2Y12 inhibitor

Antithrombotic loading strategy at time of ACS

ASA
Clopidogrel
Prasugrel
Ticagrelor

Glycoprotein I1b/Il1a inhibitors

13 (62)
65.3+13.3
16 (76)
10 (48)

6 (29)

9 (43)
12 (57)

6 (29)

8 (38)

5 (24)
15

3(14)
16 (76)
2 (10)
6 (29)

8 (38)
6 (29)
7(33)

178 (47-953)
65 (11-538)
97 (63-339)

33 (3-59)

34 (17-91)
351 (2.37-3.77)
0.40 (0.36-0.43)

3(14)
5 (24)
4(19)

21 (100)
6 (29)
0(0)
15 (71)
0(0)

Page 13

Values are mean + SD, median (IQR) or n (%). OFDI = optical frequency domain imaging, CAD = coronary artery disease, PCI = percutaneous
coronary intervention, CABG = coronary artery bypass graft, NSTEMI = non ST segment elevation myocardial infarction, STEMI = ST segment
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elevation myocardial infarction, LAD = left anterior descending artery, LCX = left circumflex artery, RCA = right coronary artery, hs-cTn =
high-sensitivity cardiac troponin, CK = creatine kinase, NOAC = novel oral anticoagulants, ASA = acetylsalicylic acid, ACS = acute coronary
syndrome
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Thrombus characteristics on a thrombus-region level

Table 2 —

Page 15

Variable Plaque rupture Stent thrombosis Plaque Fresh thrombus (n Healing coronary  p ygjue T
(n=15) (n=2) erosion =18) thrombus (n=8)
(n=1)

Culprit lesion 13 (87) 2 (100) 0(0) 15 (83) 2 (25) 0.004
Ischemic time (hours) * 24 (15-57) 49 (2-) - 24 (12-65) 169 (144-) 0.0001
Mean lumen area 2.80 (1.91-4.40) 6.34 (6.00-) 2.01 3.24 (1.98-5.16) 5.53 (3.00-7.41) 0.068
Minimum lumen area 1.31 (0.99-2.57) 4.96 (4.74-) 1.55 1.84 (1.04-3.08) 3.36 (1.89-6.32) 0.095
Maximum lumen area 4.52 (3.03-7.47) 7.59 (5.51-) 2.60 4.83 (3.00-7.52) 8.03 (4.24-12.86) 0.055
Thrombus volume 1.59 (1.05-3.20) 1.74 (1.21-) 0.22 1.48 (0.90-2.59) 2.8 (2.06-13.59) 0.074
(mm?®)
Birefringence (An) 0.26 (0.17-0.31) 0.16 (0.12-) 0.25 0.25 (0.17-0.29) 0.47 (0.37-0.72) 0.007
Birefringence (An)
staging

<0.25 7(47) 2 (100) 0(0) 9 (50) 0(0) 0.023

0.25 - 0.40 7 (47) 0(0) 1(100) 8 (44) 2 (25) 0.420

>0.40 1(6) 0(0) 0(0) 1(6) 6 (75) 0.001
Depolarization 0.06 (0.05-0.08 0.16 (-0.28) 0.20 0.06 (0.05-0.12) 0.07 (0.05-0.08) 0.337

Values are median (IQR) or n (%).

fresh thrombus is comprised of plaque ruptures, erosions and stent thrombosis

*
only for thrombus-regions located in culprit lesions,

ffresh thrombus as compared to healing coronary thrombus.
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Table 3 -

Thrombus characteristics on a frame level
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Variable Plaque rupture Stent thrombosis Plaque erosion  Fresh thrombus ~ Healing coronary  p e T
(n=160) (n=16) (n=6) (n=182) thrombus (n=141)

Culprit lesion 149 (93) 16 (100) 0(0) 165 (91) 33(23) <0.001

Lumen area (mm?) 2.80 (1.75-4.46) 6.17 (5.55-7.26) 1.93 (1.70- 2.89(1.83-5.19)  5.34(3.40-10.55) 0.069
2.36)

Mean lumen diameter  1.89 (1.49-2.38) 2.80 (2.66-3.04) 1.57 (1.47- 1.92 (1.53-2.57) 2.61 (2.08-3.67) 0.068

(mm) 1.73)

Minimum lumen 1.39 (1.07-1.94) 1.95 (1.68-2.32) 1.41 (1.34- 1.45 (1.11-1.95) 2.22 (1.84-3.02) 0.028

diameter (mm) 1.61)

Maximum lumen 2.34 (1.87-3.06) 3.48 (3.25-3.56) 1.73 (1.62- 2.39 (1.87-3.18) 2.97 (2.20-4.17) 0.092

diameter (mm) 1.87)

Thrombus area (mm?)  0.39 (0.18-0.58) 0.48 (0.15-0.62) 0.07 (0.03- 0.38 (0.17-0.58) 0.61 (0.33-0.95) 0.070
0.11)

Birefringence (An) 0.22 (0.15-0.30) 0.14 (0.12-0.19) 0.25 (0.22- 0.22 (0.14-0.29) 0.45 (0.38-0.59) 0.006
0.28)

Depolarization 0.06 (0.05 (0.09) 0.05 (0.03-0.23) 0.20 (0.15- 0.06 (0.05-0.09) 0.07 (0.05-0.09) 0.330
0.23)

Ischemic time (hours)* 24 (18-39) 96 (2-96) - 24 (17-49) 195 (169-195) 0.118

Values are median (IQR) or n (%).

fresh thrombus is comprised of plaque ruptures, erosions and stent thrombosis.

7Lfresh thrombus as compared to HCT.
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Unadjusted predictors for birefringence on a thrombus-region level

Table 4 —

B P 95% ClI
Healing coronary thrombus 0.28 0.007 0.13-0.44
Culprit lesion -0.17 0.061 -0.36 - 0.01
Lumen area (mm?) 0.02 0.194 -0.01-0.05
Min lumen area (mm?) 0.03 0.114 -0.01-0.07
Max lumen area (mm?) 0.01 0.317 -0.01-0.03
Thrombus volume (mm?3) 0.00004 0.601 -0.00002 — 0.00002

0.001 0.023 0.0002 - 0.002

Ischemic time (hours) *

*
Ischemic time is only available in the subgroup of culprit lesions
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Table 5 -

Unadjusted and adjusted predictors for birefringence on a frame level

Page 18

unadjusted adjusted

B p 95% CI B p 95% CI
Healing coronary thrombus 0.27 0.006 0.13-0.42 026 <0.001 0.12-0.39
Plaque rupture -0.17 0.051 -0.35-0.0001
Stent thrombosis -0.19 0.212 -0.54-0.16
Plaque erosion -0.09 0.648 -0.61-0.43
Culprit lesion -0.17 0.015 -0.31--0.04 -0.03 0.660 -0.16-0.10
Lumen area (mm?) -0.003  0.380 -0.009 - 0.003
Mean lumen diameter (mm) -0.003  0.818 -0.03-0.02
Minimum lumen diameter (mm) 0.01 0.309 -0.01-0.04
Maximum lumen diameter (mm) -0.02 0.155 -0.04 - 0.006
Thrombus area (mm?) 0.000002 0.908 —0.00003 —0.00004
Ischemic time (hours) 0.001 0022  0.00002-0.002

*
Ischemic time is only available in the subgroup of culprit lesions, and hence cannot be included independently in the adjusted model.
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Birefringence in the caps at the shoulder of plaque ruptures and remote fibroatheromas

Variable Cap at shoulder of plaque Cap of intact remote p value
rupture fibroatheroma
(n=9) (n=9)
Minimal fibrous cap thickness (um) 108 (97-142) 121 (109-163) 0.258
Fibrous cap area (mm?) 0.12 (-0.07-031) 0.31 (0.15-0.45) 0.161
Birefringence (An) 0.29 (0.22-0.36) 0.29 (0.23-0.36) 1.000
Depolarization 0.11 (0.09-0.15) 0.09 (0.08-0.13) 0.340
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