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Abstract

Background and Purpose: High-risk atherosclerosis is an underlying etiology in 

cardiovascular events, yet identifying the specific patient population at immediate risk is still 

challenging. Here, we used a rabbit model of atherosclerotic plaque rupture and human carotid 

endarterectomy specimens to describe the potential of molecular fibrin imaging as a tool to 

identify thrombotic plaques.
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Methods: Atherosclerotic plaques in rabbits were induced using a high-cholesterol diet and 

aortic balloon injury (N=13). Pharmacological triggering was used in a group of rabbits (n=9) 

to induce plaque disruption. Animals were grouped into thrombotic and non-thrombotic plaque 

groups based on gross pathology (gold standard). All animals were injected with a novel 

fibrin-specific probe 68Ga-CM246 followed by PET/MR imaging 90 minutes later. 68Ga-CM246 

was quantified on the PET images using tissue-to-background (back muscle) ratios (TBR) and 

standardized uptake value (SUV).

Results: Both TBR and SUV were significantly higher in the thrombotic vs. non-thrombotic 

group (p<0.05). Ex vivo PET and autoradiography of the abdominal aorta correlated positively 

with in vivo PET measurements. Plaque disruption identified by 68Ga-CM246 PET agreed 

with gross pathology assessment (85%). In ex vivo surgical specimens obtained from patients 

undergoing elective carotid endarterectomy (N=12), 68Ga-CM246 showed significantly higher 

binding to carotid plaques compared to a D-cysteine non-binding control probe.

Conclusions: We demonstrated that molecular fibrin PET imaging using 68Ga-CM246 could be 

a useful tool to diagnose experimental and clinical atherothrombosis. Based on our initial results 

using human carotid plaque specimens, in vivo molecular imaging studies are warranted to test 
68Ga-CM246 PET as a tool to stratify risk in atherosclerotic patients.

Introduction

Atherosclerotic lesions at bifurcations and curves of large arteries of the brain are a 

prominent cause of stroke1. Approximately one out of every five strokes are caused by 

atherosclerotic plaques in the cerebral circulation2. Seventy-five percent of atherosclerotic 

plaques are seated at the bifurcation of the extracranial common carotid artery, marking 

carotid atherosclerosis as one of the leading causes of stroke, along with atrial fibrillation3. 

Carotid plaques can lead to stroke by means of flow-limiting arterial stenoses or occlusion 

(hemodynamic stroke) and artery to artery thromboembolism4. Embolic fragments that arise 

from thrombotic material overlying a ruptured, eroded, or ulcerated plaque are responsible 

for up to 90% of strokes associated with carotid atherosclerosis3. Concerningly, existing 

risk stratification tools based on the degree of stenosis provided a prediction of only 

moderate discriminative power5,6. In the NASCET trial of symptomatic carotid stenosis, 

86% of study subjects with moderate to severe stenosis did not develop a stroke during the 

one-year follow-up period, showing that the degree of carotid stenosis by itself has a limited 

ability for risk prediction and could result in unnecessary revascularization procedures that 

carry risk6. The problem is even more acute in asymptomatic carotid stenosis, where the 

annual ipsilateral stroke rate in patients with stenosis ≥50% hovers around only 0.5% to 

1.0%7,8. Better approaches to identify patients at risk of developing a stroke and, hence, the 

likelihood of benefit from carotid revascularization are needed.

The current state of the art used in carotid artery imaging includes an ultrasound (US), 

CT, and MR9. Duplex US is the standard imaging modality for carotid plaques10. Still, 

each of these methods has suboptimal sensitivity and specificity in identifying many 

features of vulnerable plaque8. The intravascular US can provide more information on 

plaque structure11. Still, it is an invasive procedure that carries a risk to the patient 

and is infrequently performed in the carotid artery. CT is accepted as a reliable tool to 
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image carotid plaque and its components, but detecting fibrous cap status and intraplaque 

hemorrhage is difficult9. Also, CT carries the risk due to contrast material (i.e., anaphylactic 

reaction and nephropathy) and radiation. MR imaging can help identify plaque components, 

including fibrous cap and intraplaque hemorrhage12, but does not specifically image fibrin. 

For a subgroup of patients, gadolinium toxicity may confer risk for contrast MR imaging, 

which in some cases could outweigh the radiation hazard9. Another limitation of US, CT, 

and MRI is that they provide information on only the plaque’s anatomical characteristics 

rather than the pathophysiological events happening at the molecular level. Moreover, 

these three standard imaging methods are efficient only in advanced-stage atherosclerotic 

disease13. Molecular PET imaging offers a high-sensitivity solution to these limitations 

through probes that detect molecules involved in the pathophysiological process leading to 

thromboembolism.

Thrombus is present in carotid plaques in 74% of ischemic stroke patients that underwent 

endarterectomy14. The majority of these cases (90%) arise from plaque rupture, while 

the remaining 10% have thrombus associated with plaque erosion14. Furthermore, carotid 

plaques obtained from patients after the initial cerebrovascular event continue to have 

thrombus associated with them, suggesting increased susceptibility to secondary events14. 

We hypothesize that thrombus imaging using a fibrin-specific molecular probe could 

identify plaques with recent rupture/hemorrhage events and better stratify patients for 

revascularization. Here, we report the feasibility of the fibrin-specific probe 68Ga-CM246 

to detect atherosclerotic plaque rupture in a rabbit model using PET/MR imaging. We also 

report the efficacy of 68Ga-CM246 in specimens obtained from patients who underwent 

carotid endarterectomy surgery.

Methods

The data that support the findings of this study are available from the corresponding 

author upon reasonable request. All experiments were approved by the Institutional Animal 

Care and Use Committee at Massachusetts General Hospital (2016N000154) and the 

Institutional Review Board at Massachusetts General Hospital (2016P001353). Animals 

were randomized into plaque rupture or control groups. PET/MRI data were analyzed by a 

blinded expert (Dr. Izquierdo-Garcia).

Fibrin-specific probe 68Ga-CM246 was synthesized, and its pharmacokinetics were tested in 

healthy rabbits, as detailed in Supplemental Material.

Rabbit model of plaque rupture

Atherosclerosis and subsequent plaque disruption were induced in thirteen adult male 

and female New Zealand white rabbits, as reported previously15. Atherosclerotic plaque 

formation was generated by balloon injury of the abdominal aorta in rabbits fed with high 

cholesterol diet. Animals allocated to the plaque rupture group (n=9) were injected with 

Russell’s viper venom (0.15 mg/kg, IP; Sigma-Aldrich) and histamine (0.02 mg/kg; IV; 

Sigma-Aldrich), whereas control rabbits (n=4) received no injection. About one hour after 

the last injection, animals were placed in a combined BrainPET–3T MR system (Siemens 

Healthineers, Erlangen, Germany) for simultaneous PET/MR imaging. All rabbits were 
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injected with 68Ga-CM246 (2.4 – 5.6 MBq/kg; IV). PET images were reconstructed using a 

3D OP-OSEM algorithm with 6-iterations, and 16 subsets from the emission data collected 

90–105 min post-injection (p.i.). During PET acquisition, the following MR data were 

acquired simultaneously using an in-house built surface coil in conjunction with a birdcage 

8-channel head coil (Siemens Healthineers): a magnetization prepared rapid-gradient echo 

(MPRAGE), a dark-blood T2 sequence, and a time-of-flight (ToF) sequence. Immediately 

after in vivo imaging, animals were euthanized. The abdominal aorta, the inferior vena 

cava, and the right common carotid artery were harvested to confirm the quantification 

accuracy of in vivo PET16. For this, tissues were tested using ex vivo PET imaging (20 min 

acquisition) and autoradiography. Then, the abdominal aorta was cut into four equal-length 

segments and fixed using 4% paraformaldehyde. Each segment’s rostral part was used for 

histology (Carstairs’ staining). The remaining segments were cut open for gross pathology 

to detect thrombus formation in the lumen. Thrombus area was calculated from the digital 

images using Image J by measuring the area of the thrombus and the total luminal vessel 

area and expressed as % of the total luminal surface area. See Supplemental Material for 

details.

Ex vivo studies of human carotid endarterectomy specimens

We obtained 12 fresh, discarded surgical specimens from asymptomatic patients who 

underwent elective carotid endarterectomy at Massachusetts General Hospital. Specimens 

were processed for histology (Carstairs’ staining), autoradiography, and probe binding assay. 

For autoradiography, sections were incubated with 68Ga-CM246 or D-cysteine non-binding 

control probe 68Ga-CM249 for 45 minutes. Autoradiography was performed after three 

washes of PBS. The exposure time was 2 minutes. The probe binding assay involved 

incubating 68Ga-CM246 or 68Ga-CM249 with about 10 mg of plaque sample for 45 

minutes and measuring the activity bound to the plaque tissue after two wash cycles. See 

Supplemental Material for details.

Data analysis

The MR images were used to define the abdominal aorta from the renal to the iliac 

bifurcation semi-automatically and divided into four equal length segments (~2 cm each). 

Background regions of interest (ROIs) were placed on the back muscle. The corresponding 

ROIs were copied to the PET images, and the mean and maximum standardized uptake 

values (SUV and SUVmax, respectively)17 and aorta tissue-to-background muscle ratios 

(TBR) and maximum TBR (TBRmax) were calculated. Data are reported per-segment and 

per-animal, where ROI values across all four segments were averaged. Gross pathology, 

scored as thrombus-negative or thrombus-positive, defined the gold standard of plaque 

thrombosis. Receiver operating characteristic (ROC) curves were used to characterize the 

diagnostic efficacy of 68Ga-CM246 PET. In human specimens, the fibrin-positive area was 

determined in Carstairs’-stained sections using the Image J software and expressed as a 

percentage of the total section area. In sections where the plaque occupied more than 180° 

of the vessel wall, the most-positive half (% fibrin) was used, as reported before for CD68 

staining18. See Supplemental Material for details.
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Statistical analysis

Data were expressed as mean ± SEM. The normality of data was analyzed using 

the Kolmogorov-Smirnov test (GraphPad Prism 8.3). Differences between groups were 

compared using linear models (see Supplemental Material for details). Correlation plots 

and correlation values (Pearson’s for the normally distributed data and Spearman’s for the 

non-normally distributed) were calculated among the in vivo, ex vivo, autoradiography, and 

histology measurements. A P value <0.05 was considered statistically significant.

Results
68Ga-CM246 pharmacokinetics and rabbit model of plaque rupture

68Ga-CM246 has favorable pharmacokinetics in healthy rabbits, with a blood half-life of 

23 min, and is functionally intact and not metabolized after injection (see Supplemental 

Material, Sup. Fig. I – V). None of the control (N=4, non-triggered) rabbits demonstrated 

plaque disruption. The success of the model to induce plaque thrombosis, as determined 

by gross pathology, was 77% (n=7/9). Therefore the plaque thrombosis group comprised 

n=7 animals, and the non-plaque thrombosis group comprised n=6 animals. Similarly, by 

segment (Fig. 1A), there were n=22 ruptured vs. n=30 unruptured segments. Rabbits with 

successful triggering of plaque thrombosis had intraluminal thrombi attached to the vessel 

wall (Fig. 1B; thrombus area: 6.87 ± 0.96 % of the total luminal surface area, n=7), 

whereas the aortic lumina of the control rabbits were clear (Fig. 1C). Carstairs’ staining 

corroborated gross pathology results by displaying fibrin-specific bright red staining in the 

area of disrupted plaques in rabbits with intraluminal thrombus (Fig. 1D–E).

Pilot dynamic imaging indicated that plaque uptake and TBR remained similar at 90–105 

minutes p.i. Thus, this time point was chosen for data collection/analysis (see Sup. Fig. VI 

for details) in all animals, but one (for which imaging was acquired up to 80 min).

68Ga-CM246 PET/MRI and ex vivo studies

In vivo PET/MR images of rabbits without thrombosis (Fig. 2A–C) showed lower 68Ga-

CM246 uptake along the abdominal aorta compared with rabbits with plaque disruption 

(Fig. 2D–F). Group analysis (Fig. 3A–B) showed that probe uptake in the abdominal aorta 

was higher in segments with plaque disruption vs. undisrupted segments for TBR (8.42 

± 0.51 vs. 6.32 ± 0.38, p<0.05), TBRmax (9.75 ± 0.61 vs. 7.44 ± 0.43, p<0.05), SUV 

(0.95 ± 0.14 vs. 0.65 ± 0.08, p<0.05), and SUVmax (1.08 ± 0.15 vs. 0.73 ± 0.09, p<0.05). 

Per-animal analysis (Sup. Fig. VII) showed similar results as the per-segment analysis. 

Inclusion/exclusion of non-ruptured animals within the control group offered the same 

results (Supplemental Material).

ROC analysis was used to measure diagnostic accuracy and identify the best thresholds to 

define plaque disruption by in vivo PET imaging. TBRmax was the most accurate with 100% 

sensitivity and 85% accuracy (only two false positives), Table 1.

There was a strong significant correlation between in vivo PET results and ex vivo PET 

images and autoradiography (r=0.91 and r=0.74, respectively, Fig 3C–D). Ex vivo PET 
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images and autoradiography showed similar segmental differences in focal uptake as the in 

vivo PET images (Fig. 4 and Supplemental Material).

Ex vivo studies of human carotid endarterectomy specimens

The binding of 68Ga-CM246 and control probe 68Ga-CM249 to human carotid plaques 

assessed by autoradiography (Fig.5A–B, E) and by a tissue binding assay (Fig. 5F) 

showed significantly higher uptake of 68Ga-CM246 compared to 68Ga-CM249 (P<0.05 

for both). However, there was substantial interpatient variability in 68Ga-CM246 uptake in 

both experiments (Fig. 5E–F). Assuming the 68Ga-CM249 result represents a non-specific 

binding, we calculated the average 68Ga-CM249 value for all plaques and average plus 

1 or 2 standard deviations (SD) as dashed lines in Fig. 5E–F. This analysis stratified the 

plaque specimens in terms of being fibrin rich or fibrin poor. Carstairs’ staining results were 

congruent with the autoradiography and tissue binding assay results. In some specimens, 

high 68Ga-CM246 uptake and substantial fibrin presence were detected (Fig. 5A–D), 

whereas low-uptake specimens had comparatively less fibrin (Sup. Fig. VIII). Uptake 

of 68Ga-CM246, as determined by autoradiography, and the specimen fibrin content, as 

detected by Carstairs’ staining, correlated significantly (R2 = 0.54, p<0.05).

Discussion

This study aimed to provide a better tool for risk stratification of carotid disease based 

on in vivo imaging of fibrin-rich thrombus using a novel PET tracer 68Ga-CM246. In 

carotid atherosclerosis, stroke risk stratification currently relies on the degree of stenosis 

and symptoms. Revascularization surgery is considered in patients having stenosis over 

50% (if symptomatic) and 60% (if asymptomatic)19. However, multicenter trials show that 

this approach has a limited risk prediction ability, potentially resulting in unnecessary 

revascularization operations6. Identifying additional high-risk plaque characteristics could 

enhance stenosis-based risk stratification approaches. Based on morphological markers 

like plaque volume, size of the lipid-rich necrotic core, fibrous cap thickness, and 

intraplaque hemorrhage, a vulnerable carotid plaque has been described20. Anatomical 

imaging, including US, CT, and MRI, helps determine the plaque morphology and check 

for vulnerability signs. The advantages and disadvantages of these modalities on carotid 

plaque imaging are well documented though there is a lack of studies directly comparing 

them21. Overall, MRI is accepted superior to other techniques due to its high sensitivity 

and specificity for plaque components and reproducibility of the results22,23. There is, 

however, a consensus that none of the current imaging techniques is reliable by itself to 

identify the high-risk carotid plaque24. Molecular imaging provides additional information 

on standard anatomical imaging by visualizing the pathophysiological process within 

the plaque. Earlier studies in animals, particularly in ApoE−/− mice, demonstrated the 

feasibility of in vivo molecular imaging of plaque macrophages, activated endothelial cells, 

inflammatory proteases, and apoptosis and helped our understanding of the pathophysiology 

of the disease25. Some of these molecular imaging probes were tested in patients 

undergoing carotid endarterectomy. Among these, ultrasmall-superparamagnetic-iron-oxide 

(USPIO) particles (to image plaque macrophages in T2*-weighted MRI)26, 111In-platelet 

scintigraphy27, 18F-sodium fluoride (to image microcalcifications by PET)28, 18F-FDG 
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(to image inflammatory cell activity by PET)29,18, and annexin A5 (to image apoptosis 

by SPECT)30 yielded encouraging results to detect carotid plaques. However, except for 
18F-FDG and 18F-sodium fluoride, these probes did not become clinically standard either 

due to pharmacokinetic or feasibility issues or lack of clear clinical utility. 18F-FDG PET 

imaging is highly reproducible but suffers from low specificity (e.g., metabolically active 

nearby tissues like lymph nodes may result in artifacts)17,31. Its signal is also confounded 

by high blood glucose, and its pharmacokinetics is altered in patients with decreased renal 

function32. Nevertheless, a recent multicenter prospective study suggests that increased 
18F-FDG uptake could provide additional information over what is provided by the degree 

of stenosis alone for recurrent stroke in patients with recently symptomatic moderate to 

severe carotid stenosis33,34. In the causal chain of events that starts from plaque formation 

to plaque rupture with subsequent stroke, plaque inflammation is an intermediate process, 

while plaque thrombosis is a more downstream biological step, closer to plaque rupture. 

Further details about the advantages and disadvantages of the current imaging methods 

targeting atherosclerosis can be found in great detail in focused reviews35,36.

Activated platelets, glycoprotein IIb/IIIa, tissue factor, and fibrin are suggested as target 

molecules for thrombus imaging37. Among these, fibrin presents itself as a unique candidate 

since it is only present in the thrombus, offering greater signal-to-noise advantages38. Small 

fibrin-specific peptides were identified by phage display, further optimized, and derivatized 

with imaging reporters to create optical, MR, or nuclear imaging probes39–42. Fibrin-binding 

MR probes, EP-1873, and its pharmacokinetically improved version, EP-2104R, were used 

successfully in animal models and patients with thrombus38,40,43. Given the low sensitivity 

of molecular MRI and the required waiting time between pre-and post-injection scans, PET 

versions of these probes were developed. Efficacy of 64Cu-labelled fibrin binding probes 

was demonstrated in animal models of thrombosis and thrombolysis and patients with left 

atrial appendage thrombus43–46. Here, we developed and tested a 68Ga-labelled version of a 

fibrin-binding peptide. Given the compact and user-friendly nature of gallium generators in 

contrast to high-energy cyclotrons required to produce 64Cu, the 68Ga-CM246 probe can be 

made cost-effectively at the imaging facility’s site.

Our overall hypothesis is that fibrin-rich thrombus demarcates high-risk carotid plaques for 

both asymptomatic and symptomatic patients. As a prelude to testing this hypothesis in 

prospective clinical trials, here we show that the fibrin-binding probe 68Ga-CM246 detects 

thrombus non-invasively in a rabbit model of atherothrombosis and binds fibrin in human 

carotid plaques. Based on the results presented here, 68Ga-CM246 imaging can be developed 

as a valuable tool to add to the plaque risk stratification workup, either alone or with other 

molecular imaging markers.

Our results show that 68Ga-CM246 is specific for fibrin, and it has excellent 

pharmacokinetic properties, including rapid uptake into the thrombus, fast blood background 

clearance, and no evidence of metabolism as assessed by HPLC analysis. The rapid 

clearance of 68Ga-CM246 has an advantage over other thrombus imaging approaches 

based on fibrin-based antibodies or antibody fragments where long circulation times 

require delayed imaging47–49. In vivo PET results demonstrated that atherosclerotic plaque 

disruption in rabbits could be detected and quantified using 68Ga-CM246 PET/MR imaging. 
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The best imaging time for the acquisition was ~ 90 to 105 min p.i., a suitable timing for 

a clinically translatable tracer. There was a considerable agreement (85%) between in vivo 

PET and gross pathology. It is worth noting that similar results were achieved independent 

of the analysis approach (i.e., per-segment or per-animal). Thus, in vivo 68Ga-CM246 

imaging has the potential to detect thrombi in human carotid plaques (size of which are 

similar to the segments analyzed here) as well as larger arterial pathologies like aortic 

aneurysm50.

In our study, ex vivo human carotid endarterectomy data indicate that subclinical fibrin/

thrombus is present in these patients in varying degrees. Although our limited sample size 

did not allow us to stratify the data based on fibrin content and 68Ga-CM246 binding, we 

could discern two main groups: plaques with high-fibrin content and low-fibrin content. Not 

surprisingly, 68Ga-CM246 uptake into the carotid plaques was in accordance with fibrin 

availability in the tissue, as detected by Carstairs’ staining. Overall, our results corroborate 

that: a) 68Ga-CM246 can detect fibrin in vivo / ex vivo in human carotid plaques, and 

b) that there is likely a range of probe uptake values in patients with carotid plaques 

depending on the degree of fibrin deposition. Therefore, our next step would be to study 

carotid atherosclerosis patients and analyze the degree of 68Ga-CM246 fibrin uptake and the 

development of symptoms over time.

This study has some limitations, including technical challenges related to PET imaging 

of the abdominal aorta. During PET imaging, partial volume effect (PVE) degrades 

the PET signal by spilling the signal to/from adjacent tissues51. Correcting for PVE 

requires accurate registration between the PET and MR images, excellent delineation of 

the ROIs, and homogeneous uptake in every ROI17. ROI size needs to be small enough 

to keep them homogenous and large enough to minimize noise due to motion artifacts 

like breathing51. Additionally, plaque disruption is likely focally localized, resulting in 

considerable heterogeneity around the ROIs chosen in this study. Moreover, only a couple 

of animals showed increased uptake near the ROIs around the aorta, while the rest had no 

significant uptake nearby. Lastly, in vivo PET imaging and histopathology co-localization 

was technically challenging and might contribute to some degree of data inconsistency. 

In addition, the animal model used in this study is not an ideal model to mimic human 

carotid disease that has a preference for bifurcations and curvatures, there are suitable 

mouse models for that52,53. However, rabbit model allows imaging with spatial resolution 

comparable to clinical settings whereas mouse models do not. Lastly, even though we 

propose to develop fibrin imaging in patients with carotid plaque as a tool to identify those 

at risk for stroke, this imaging modality would not be expected to predict stroke risk due to 

hemodynamic compromise.

In summary, we have shown here that in vivo imaging of plaque disruption is feasible 

using 68Ga-CM246 with PET/MRI. It is highly sensitive and specific compared to the 

gold standard of gross pathology that 68Ga-CM246 detects heterogeneous fibrin presence 

in asymptomatic human carotid plaque specimens. Therefore, we foresee a future for 68Ga-

CM246 PET/MR imaging as a potentially clinically valuable tool in carotid atherosclerosis 

patients whose characterization of the lesion would affect the case management. As a next 
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step, we plan to prospectively test our probe in patients with a carotid plaque and compare 

the predictive values of different imaging modalities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CA Carotid artery
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Figure 1. 
Pharmacological triggering induces plaque disruption in the rabbit model of atherosclerosis. 

(A): Schematic of the abdominal aorta (AA) from the renal to the iliac bifurcations. 

Yellow lines represent the approximate location of the segments for histopathology. Plaque 

disruption was diagnosed by identification of thrombus in the AA on gross pathology 

and Carstairs’-stained sections. Representative post-mortem AA photographs from a rabbit 

with successful plaque rupture showing intraluminal thrombus attached to the vessel wall 

(yellow arrow in B) vs. a control atherosclerosis-bearing rabbit (C) showing a clear luminal 

surface with plaque but without thrombosis. Representative light microscopy images of 

Carstairs’ staining of the rabbit AA from rabbits with (D) and without (E) plaque rupture. 

In rabbits demonstrating plaque disruption(D), the fibrous cap of the plaque (marked by 

stars) was broken, and the thrombus containing yellow-stained area suggesting the presence 

of erythrocytes (blue arrows) and bright red-stained fibrin (green arrows) were visible. In 

the non-disrupted aorta (E), the fibrous cap (marked by a star) was intact, and even though 

yellow-stained area suggesting the erythrocytes were visible (blue arrow) since the tissue 

was not perfused, there were neither fibrin nor a thrombus. RK: right kidney, LK: left 

kidney.
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Figure 2: 
Fibrin-binding probe uptake increases in rabbits with plaque disruption. Representative in 

vivo PET/MR images from atherosclerotic rabbits show increased uptake of PET probe 

on animals with (D-F) vs. without (A-C) plaque rupture: Dark-blood T2-weighted (A, D), 

PET images (B, E), showed patchy fibrin signal along the AA in rabbits with plaque 

disruption; and fused PET/MR images with ToF (C and F). Light pink arrowheads point to 

the AA; dark red arrowheads point to the inferior vena cava. Green dashed lines to locate 

the axial close-up images (insert) that show the atherosclerotic plaques as light gray areas 

(blue arrowheads in A and D): smooth plaques for the non-ruptured vs. non-smooth for the 

triggered animals. a.u.: arbitrary units.
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Figure 3: 
Segmental analysis of the in vivo PET results and correlation between in vivo and the ex 

vivo data. Per-segment analyses of TBR (A) and TBRmax (B) revealed significant aortic 

uptake differences between plaque rupture vs. non-ruptured. Correlation plots for in vivo 

vs. ex vivo PET (Pearson’s, C) and in vivo vs. autoradiography (Spearman’s, D) for the 

per-segment analysis. DLU: digital light units.
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Figure 4: 
Ex vivo PET imaging and autoradiography confirmed in vivo PET/MRI results: (A) 

Schematic of the excised AA (segment from the renal to iliac bifurcations). (B) Picture 

of samples ready for ex vivo PET imaging (CA: carotid artery, IVC: inferior vena cava). Ex 

vivo (C-D) and autoradiography (E-F) images of a non-plaque thrombosis segment (C and 

E) vs. plaque thrombosis segment (D and F) showing focal increases in 68Ga-CM246 uptake 

along the AA in animals with rupture compared with the IVC or non-plaque rupture rabbit. 

Light pink arrowheads point to the AA. Dark red arrowheads point to the IVC, and light 

green arrowheads point to the CA. Length bar (B-F) = 40mm. DLU: digital light units. RK: 

right kidney, LK: left kidney.
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Figure 5: 
Uptake of the fibrin-binding probe 68Ga-CM246 was significantly higher than the non-

binding control probe in specimens from carotid endarterectomy patients. Representative 

autoradiography (A-B) and light microscopy images of Carstairs’ stained sections (C-D) 

from patient specimens with high 68Ga-CM246 uptake, displaying an intense presence 

of fibrin (red-stained areas) with or without accompanying yellow areas that suggest the 

presence of erythrocytes (yellow arrows in panel D). In addition, fibrin meshes were 

observable in some high-uptake specimens (C). Autoradiography (E) and functional probe 

assay (F) of specimens from all patients revealed a variable but significantly increased 

(P<0.05) uptake of fibrin-binding probe 68Ga-CM246 compared to non-binding probe 68Ga-

CM249. Dashed lines: 68Ga-CM249 Mean, Mean + SD, and Mean + 2SD cutoff lines. DLU: 

digital light units.
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Table 1:

Summary of ROC analysis using gross pathology as the gold standard. Threshold = interval of values that 

achieve the highest accuracy.

Per-animal Per-segment

TBR Threshold = [6.7 – 7.6] Threshold = [7.0]

Sensitivity = 71% Sensitivity = 82%

Specificity = 83% Specificity = 67%

Accuracy = 77% Accuracy = 73%

TBR max Threshold = [6.9 – 7.5] Threshold = [7.7 – 8.0]

Sensitivity = 100% Sensitivity = 82%

Specificity = 67% Specificity = 63%

Accuracy = 85% Accuracy = 71%
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