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A B S T R A C T

Cardiovascular disease (CVD) remains the leading global cause of mortality, despite major advances in inter
ventional and pharmacological therapies. Recent insights suggest that limitations in current treatments stem 
from insufficient targeting of molecular and cellular drivers of disease. Nanomedicine—a rapidly evolving 
discipline that integrates nanoscale materials for diagnosis, therapy, and molecular imaging—offers trans
formative potential for CVD management. This review highlights the critical clinical needs in cardiovascular care 
and outlines emerging nanotechnological solutions, including vascular nanotherapy, myocardial regeneration 
strategies, and advanced imaging techniques such as near-infrared fluorescence intravascular ultrasound (NIRF- 
IVUS). We discuss recent preclinical and translational breakthroughs in molecular imaging of protease activity, 
macrophage phenotypes, and oxidized low-density lipoprotein (oxLDL), with a focus on the implications for 
plaque characterization and therapeutic intervention. While several nanomedical approaches remain at the 
investigational stage, early clinical evidence—such as from the NANOM-FIM trial—demonstrates safety and 
efficacy of nanoparticle-based therapies in vascular disease. To bridge the gap between innovation and clinical 
application, interdisciplinary collaboration and strategic investment are essential. Nanomedicine holds signifi
cant promise to reshape cardiovascular diagnostics and therapeutics by enabling molecular-level precision within 
familiar procedural platforms.

1. Introduction

Recent advancements in nanotechnology have been remarkable, 
contributing significantly to the development of high-speed communi
cation systems, improvements in energy conversion technologies, and 
the remediation of environmental pollution [1–4]. These benefits have 
extended to the medical field, with the development and application of 
drug delivery systems representing one of the most prominent examples 
(Fig. 1) [1,5–8]. Given its broad range of applications, there is no doubt 
that nanotechnology will continue to exert a profound impact on both 
human life and health in the years to come.

The conceptual foundation of nanoscience and nanotechnology can 
be traced to a seminal lecture delivered by physicist Richard Feynman, 
entitled “There’s Plenty of Room at the Bottom” at the American 

Physical Society meeting held at the California Institute of Technology 
(Caltech) on December 29, 1959 [9]. In this lecture, Feynman proposed 
the theoretical possibility of manipulating and controlling individual 
atoms and molecules—an idea that preceded the formal emergence of 
the field. In 1974, more than a decade later, Professor Norio Taniguchi 
introduced the term “nanotechnology” in the context of his research on 
ultraprecision machining [10]. The advent of modern nanotechnology, 
however, is widely recognized to have begun in 1981 with the invention 
of the scanning tunneling microscope, which enabled the visualization 
of individual atoms.

According to reports from the World Health Organization (WHO) 
and the World Heart Federation (WHF), cardiovascular disease (CVD), 
including heart disease and stroke, remain the leading causes of death 
globally, claiming approximately 20 million lives each year [11–13]. 
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This accounts for nearly one-third of all deaths worldwide. On the other 
side, substantial progress has been made across various domains, 
including the development of transcatheter aortic valve implantation 
(TAVI) and mitral valve edge-to-edge repair techniques, advancements 
in intravascular imaging for coronary artery disease, and the introduc
tion of novel cardiovascular protective agents such as sodium-glucose 
co-transporter 2 (SGLT2) inhibitors and glucagon-like peptide-1 
(GLP-1) receptor agonists [14–19]. Despite such groundbreaking tech
nological advancements, the therapeutic efficacy of these interventions 
unfortunately remains limited.

For instance, the incidence of adverse cardiovascular events 
following stent implantation continues to increase at an annual rate of 
approximately 3.3 % beyond the first year, with no observable plateau 
even in long-term (10-year) follow-up, in spite of the remarkable ad
vancements in percutaneous coronary intervention, stent design and 
adjunct pharmacotherapy [20]. As previously mentioned, cardiovascu
lar mortality remains the leading global cause of death. One possible 
explanation for this paradox is that most technological innovations have 
focused primarily on resolving macroscopic issues. While stent tech
nology has made remarkable progress, it has largely concentrated on 
mechanically alleviating visible stenoses. Similarly, strategies address
ing calcified lesions have predominantly aimed at physically removing 
or fracturing calcium deposits. Consequently, attention has often over
looked the underlying molecular mechanisms that drive plaque and 
calcification development and progression. Only a limited number of 
researchers have recognized that insufficient understanding at the mo
lecular and cellular level may underlie these limitations. In fact, not only 
in cardiovascular diseases but in most pathologies, the root causes reside 
at the level of cells and molecules. If one were allowed to make a bold 
assertion, the true treatment for coronary stenosis may not lie in me
chanically dilating the lesion with balloons or stents, but rather in 
blocking the cellular and molecular cascade responsible for plaque for
mation, or alternatively, in actively promoting plaque regression 

through molecular pathways. According to some perspectives, there is 
also a suggestion that one of the critical aspects to be considered before 
atherosclerosis reaches its terminal stage is the development of novel 
therapeutic strategies aimed at reversing, curing, or eradicating the 
disease [21].

In this context, the application of nanoscale materials is essential 
when addressing the underlying mechanisms of disease at the cellular 
and molecular scales, and their use for disease diagnosis, treatment, 
monitoring, and prevention is specifically defined as “nanomedicine”. 
Furthermore, “nanoparticles” representing the nanoscale materials, are 
defined as nanoscale structures, typically ranging from 1 to 100 nm in 
diameter. And nanoparticles can be functionalized with a large number 
of molecules such as therapeutic agents, antibodies, or fluorescent dyes, 
owing to their high surface area-to-volume ratio (Fig. 2) [22]. By har
nessing these properties, nanoparticles offer the ability to modulate 
immune evasion properties in vivo and to control magnetic or electrical 
characteristics, making them highly versatile platforms for diagnostic 
and therapeutic applications.

2. Clinical needs of nanomedicine for cardiovascular disease

The application of nanotechnology in medicine holds substantial 
importance, with its innovations particularly in the healthcare domain 
offering promising avenues for the development of novel therapeutic 
strategies. However, despite its potential, research on medical nano
technology has been predominantly focused on fields such as oncology, 
bone substitutes, and infectious diseases. In stark contrast, the volume of 
research dedicated to cardiovascular diseases remains disproportion
ately low, reportedly less than one-tenth of that in oncology [22]. In 
their article, Smith et al. argue that reversing this trend will require 
grassroots efforts at the foundational level to stimulate sociocultural 
interest, while concurrently enhancing scientific engagement through 
focused journals in CVD nanomedicine [22]. Such initiatives may not 

Fig. 1. Clinical Needs and Translational Prospects of Cardiovascular Nanomedicine Nanotechnology addresses a broad spectrum of needs in the field of coronary 
artery disease. Nanotechnologies implemented for diagnostic and therapeutic purposes are consistently designed based on an in-depth understanding of patho
physiology at the molecular and cellular levels, while such understanding itself critically relies on the application of nanotechnology. Accordingly, the development 
of more advanced diagnostic and therapeutic strategies incorporating nanotechnology will require further elucidation of the underlying pathophysiological 
mechanisms of coronary artery disease and atherosclerosis. Although unraveling these complex disease processes in conjunction with nanotechnology is an arduous 
undertaking, the continued pursuit of such fundamental research is expected to yield some of the few viable countermeasures against the persistent challenge of 
coronary artery disease. Abbreviations: OxLDL, oxidized low-density lipoprotein; MMP, matrix metalloproteinase; PCI, percutaneous coronary intervention; NIRS, 
near-infrared spectroscopy; NIRF, near-infrared fluorescence; siRNA, small interfering ribonucleic acid; GLP-1, glucagon-like peptide-1.
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only help address resource and funding limitations but also serve as a 
critical catalyst for attracting sustained research interest in the field.

In light of these needs, what potential avenues are currently being 
explored? The following are several notable examples: 

(1) Vascular Nanotherapy:

Vascular nanotherapy represents a novel therapeutic approach that 
utilizes nanotechnology to deliver pharmacological agents or biologi
cally active molecules directly to diseased vascular tissues. This strategy 
aims to enhance site-specific drug delivery, minimize systemic side ef
fects, and improve therapeutic efficacy, particularly in the management 
of atherosclerosis, restenosis, thrombosis, and vascular inflammation. 
Although still at the phase of animal experiments, one representative 
example is the exosome-eluting stent [23]. 

(2) Myocardial Regeneration:

Aimed at restoring cardiac function following myocardial infarction, 
this strategy utilizes stem cells, biomaterials, or gene therapies to 
regenerate damaged myocardial tissue. A notable example is the 
development of nanofiber-based cardiac patches [24]. 

(3) Extended Longevity of Artificial Heart Valves:

This area focuses on improving the durability and biocompatibility 
of artificial heart valves through innovations in material science and 
surface engineering. Techniques such as applying diamond-like carbon 
nanocoatings to mechanical valve surfaces will eventually foster 
longevity of artificial and/or biological heart valves [25]. 

(4) Multiplexable Biomarker Profiling:

A diagnostic platform capable of simultaneously detecting and 
profiling multiple biomarkers from small-volume biological samples, 
with high sensitivity and specificity. This technique is particularly 
valuable for early detection and prognostic assessment of cancer and 
cardiovascular diseases [26]. 

(5) Whole-Body Imaging:

By integrating imaging modalities such as PET, MRI, and CT, this 
method enables comprehensive visualization of anatomical and func
tional states throughout the entire body. It is especially useful for 
detecting systemic pathologies such as metastatic tumors, inflammation, 

and circulatory abnormalities [27]. 

(6) Vascular Nanotheranostics:

This cutting-edge approach merges diagnostics and therapeutics 
through nanotechnology, enabling both imaging of vascular lesions and 
targeted delivery of therapeutic agents [28].

As illustrated above, the field of nanotechnology as applied to CVD 
holds considerable potential across a wide range of applications. How
ever, it is also true that many of these approaches remain at the exper
imental or investigational stage. Amidst this context, a clinical study was 
conducted in the field of nanotheranostics. The NANOM-FIM trial con
ducted by Kharlamov et.al., was designed as a first-in-human clinical 
investigation aimed at assessing the safety, feasibility, and efficacy of 
nanomedicine; silica-gold nanoparticles-based therapeutic strategies in 
patients with vascular disease [29,30]. This was a prospective obser
vational cohort study of the 5-year outcomes (n = 180), and patients 
treated with silica-gold nanoparticles (Nano group, n = 60), ferro-based 
silica-gold nanoparticles (Ferro group, n = 60) or conventional 
drug-eluting stent (DES) implantation (DES group, n = 60) [30]. 
Regarding the structure of those nanoparticles, silica served primarily as 
a structural stabilizer, while the gold component exerted the athero
protective effects, including anti-inflammatory activity and regulation 
of oxidative stress. The Ferro group, by contrast, consisted of nano
particles identical to those used in the Nano group, with the additional 
incorporation of iron to enhance lesion-specific targeting through 
magnetic guidance. In this study, these nanoparticles were administered 
via intravenous infusion for therapeutic purposes [30]. And the out
comes across three groups: the Nano group, the Ferro group, and the 
conventional DES group were compared. At 60 months, the Nano group 
exhibited significantly lower rates of cardiac mortality (6 vs. 9 vs. 10 
cases), major adverse cardiovascular events (14.3 % vs. 20.9 % vs. 22.9 
%), late thrombosis (2 vs. 4 vs. 6 cases), and target lesion revasculari
zation (3.8 % vs. 4.8 % vs. 5.7 %) compared with the ferro and stent 
groups (all p < 0.05) [30]. These findings indicate that the silica-gold 
nanoparticles-based therapy demonstrates a favorable long-term safety 
and efficacy profile when compared to the conventional DES [30].

3. Contemporary intravascular imaging

Another significant advancement in the field of CVD lies in the 
development of intravascular imaging technologies. These innovations 
have markedly improved the quality and precision of catheter-based 
interventions, particularly in the coronary vasculature. The introduc
tion of intravascular ultrasound (IVUS) in 1994 enabled clinicians to 
readily obtain cross-sectional images of blood vessels using ultrasound 
[14]. Subsequently, in 1997, the emergence of optical coherence to
mography (OCT) made it possible to assess coronary artery morphology 
at a resolution surpassing that of IVUS [15].

In the 2000s, a hybrid modality known as near-infrared spectroscopy 
(NIRS)-IVUS was introduced [31]. By integrating NIRS and IVUS, this 
technique provides simultaneous information on both vessel structure 
and plaque composition—particularly lipid-core burden—enhancing 
the ability to characterize vulnerable plaques in vivo [32].

Further advancements in the 2010s led to the development of next- 
generation intravascular imaging platforms that combine near-infrared 
fluorescence (NIRF) with IVUS or OCT [33,34]. These technologies 
enable molecular imaging of vascular inflammation, protease activity, 
and other biological processes, often through the use of nanoparticles or 
targeted molecular probes (e.g., protease-activatable fluorescent 
probes). Such multimodal approaches hold great promise for elucidating 
the functional and biological characteristics of diseased vascular tissue.

Through advancements that have enabled qualitative assessment of 
coronary artery plaques, several important observations have emerged. 
It has become evident that coronary atherosclerotic lesions progress 
through distinct pathological stages, and by the time clinical 

Fig. 2. A Model of Nanoparticle “Nanoparticles” are defined as nanoscale 
structures ranging from 1 to 100 nm in diameter, which can be functionalized 
with various molecules such as antibodies, ligands, radioisotopes, or fluo
rophores. In addition, they are capable of encapsulating drugs and delivering 
them in proximity to target sites.
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intervention is typically performed, the plaque has often advanced to a 
terminal phase—one that is, unfortunately, frequently irreversible. 
Emerging evidence suggests that local pathophysiological mechanisms, 
such as the attraction of inflammatory cells represented by macrophages 
and the infiltration of oxidized low-density lipoprotein (oxLDL), may 
play central roles in this progression (Fig. 1) [35–37].

4. Molecular imaging using nanotechnology

In the following section, we introduce three pivotal topics in the field 
of molecular imaging research and development employing nanotech
nology. These include vascular protease imaging using the ProSense 
probe, the development of macrophage-targeted nanoparticles, and in
vestigations into the role of oxLDL in the vessel plaque progression using 
NIRF-IVUS.

4.1. Vascular protease imaging using the ProSense probe

A probe is defined as a molecule or nanostructure specifically 
designed to visualize, detect, or track particular molecular targets, cells, 
or biological processes. In biomedical sciences, probes possess the 
unique ability to selectively bind or react with targets such as enzymes, 
receptors, or nucleic acids, thereby emitting quantifiable and visual
izable signals, such as fluorescence or radioactivity. In recent years, 
considerable attention has been directed toward a class of activatable 
probes that are cleaved by cysteine proteases of lysosomal origin
—namely cathepsins B, L, and C—leading to probe activation and signal 
generation. These probes are particularly promising for the molecular 
imaging of inflammatory atherosclerotic plaques, as they can detect 
elevated levels of cathepsins, which are highly expressed in these 
lesions.

ProSense VM110 is one such probe. It is engineered to exist in a self- 
quenched state under physiological conditions, thereby emitting no 
fluorescence. However, in microenvironments characterized by height
ened cathepsin activity, such as inflamed vascular lesions, Prosense 
VM110 is enzymatically cleaved by cathepsin B protease and activated. 
Activated Prosense VM110 emits near-infrared fluorescence (680–750 
nm), which serves as the NIRF signal detectable by imaging modalities 
such as NIRF-IVUS, and its spatial origin can be co-localized with 
vascular morphology through the concurrent use of IVUS. The elevated 
enzymatic activity of cathepsins in such regions is strongly associated 
with macrophage-rich inflammation, which, in turn, is a hallmark of 
unstable atherosclerotic plaques [38]. Therefore, this imaging strategy 
not only enables visualization of molecular activity within the vessel 
wall but also provides insight into the presence of lesions with a high risk 
of future rupture.

In line with this, Jaffer et al. reported the successful visualization of 
inflammation associated with vascular injury using NIRF-IVUS com
bined with ProSense VM110 [39]. In this study, an aortic model of 
atherosclerosis and stent-induced vascular injury was established in 
hyperlipidemic rabbits. ProSense VM110 was administered as the im
aging probe, and a custom-designed NIRF-IVUS catheter capable of 
360-degree intraluminal imaging was employed to localize regions of 
inflammatory activity. Fluorescence histology and immunohistochem
ical staining were performed to validate the correspondence between 
NIRF signals and macrophage infiltration. The system successfully 
identified regions of elevated cathepsin activity, which strongly corre
lated with histological atherosclerosis or injured by stent struts [39]. 
This approach enabled, for the first time, the intravascular visualization 
of macrophage-rich lesions on IVUS-based imaging, representing a sig
nificant advancement in molecular imaging of atherosclerosis.

Although ProSense VM110 has not yet been approved for human use 
and certain challenges remain for clinical translation, the findings of this 
study underscore the potential of the NIRF-IVUS imaging platform—
when paired with cathepsin-targeted activatable probes—as a promising 
tool for the early detection of high-risk, rupture-prone plaques.

4.2. Macrophage targeting nanoparticles

A seminal pathological study by Virmani et al. demonstrated that 
macrophages accumulate at the sites of plaque rupture in human coro
nary arteries, implicating macrophage involvement in plaque instability 
[40]. Subsequently, in 2006, Virmani et al. further confirmed macro
phage accumulation in ruptured plaques and showed that these cells 
release matrix metalloproteinases (MMPs) and other proteolytic en
zymes that degrade the fibrous cap, thereby promoting plaque rupture 
[41].

Macrophages differentiate into functionally distinct subtypes in 
response to the local cytokine milieu. Classically activated macrophages 
(M1) promote inflammation by secreting pro-inflammatory cytokines 
such as tissue necrotic factor (TNF)-α and interleukin (IL)-1β, whereas 
alternatively activated macrophages (M2) produce anti-inflammatory 
cytokines like IL-10 and contribute to tissue remodeling and repair. 
Both M1 and M2 macrophages have been shown to secrete MMPs, which 
can thin and weaken the fibrous cap or expand the necrotic core, thereby 
exacerbating plaque progression and destabilization.

Given their critical involvement in plaque biology, macrophages 
have garnered significant attention in the context of nanotechnology- 
based imaging. Notably, M2 macrophages express high levels of the 
mannose receptor (MRC1/CD206) on their cell surface. MRC1/CD206 
has thus been widely used as an immunohistochemical marker of the 
anti-inflammatory and reparative macrophage phenotype. Based on 
this, a novel NIRF probe equipped with a ligand capable of binding the 
MRC1 was developed. Upon binding and activation by MRC1-expressing 
macrophages, the probe emits a detectable NIRF signal.

When administered in vivo, the probe enables visualization of M2 
macrophage accumulation in atherosclerotic plaques. By integrating this 
signal with structural imaging modalities such as IVUS or OCT, it be
comes possible to identify M2-enriched plaques with high spatial pre
cision. As a representative study, in 2016, Kim et al. reported on the 
investigation of an MRC1-targeted nanoprobe using an atherosclerotic 
rabbit model [42]. In this study, the atherosclerotic model was induced 
through balloon injury conjunction and high cholesterol diet [42]. 
Subsequently, the nanoprobe targeting the MRC1 was administrated 
intravenously. As a result, stronger NIRF signals were observed in more 
advanced plaques compared to earlier-stage lesions, indicating higher 
levels of M2 macrophage infiltration in progressive disease [42]. These 
findings suggest that nanotechnology enables visualization of the mo
lecular and cellular events underpinning atherosclerosis, including 
plaque formation, progression, and destabilization.

4.3. Mapping the oxLDL distribution on IVUS imaging with NIRF-IVUS

Up to this point, we have discussed the progression of atherosclerotic 
lesions and plaque development, emphasizing the pivotal role of mac
rophages in these processes. Notably, macrophages further accelerate 
plaque progression through their transformation into foam cells. A key 
contributor to this transformation is oxLDL [43]. Upon uptake via 
scavenger receptors, oxLDL leads to excessive intracellular cholesterol 
accumulation within macrophages, ultimately resulting in foam cell 
formation [43–45]. Beyond mere uptake, oxLDL also exerts direct and 
indirect effects on macrophages by upregulating scavenger receptor 
expression and promoting the secretion of pro-inflammatory cytokines, 
thereby enhancing foam cell formation [43].

Foam cells differentiated from macrophages contribute to plaque 
progression through the production and release of inflammatory medi
ators, stimulation of smooth muscle cell proliferation, and additional 
pro-atherogenic mechanisms [46]. Moreover, apoptotic foam cells are 
believed to participate in the formation of the lipid core within advanced 
plaques [47]. Thus, macrophages play an essential role in the patho
genesis of atherosclerosis, and pro-atherogenic factors such as oxLDL, 
which critically influence the stepwise differentiation of macrophages, 
also represent crucial contributors to disease progression.
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Given this background, mapping the intravascular distribution of 
oxLDL is of considerable importance for evaluating the progression of 
atherosclerosis. To this end, recent studies have leveraged nanotech
nology. A monoclonal antibody specifically targeting oxLDL was 
developed and labeled with a NIRF dye. Upon binding of the antibody’s 
Fab region to oxLDL, fluorescence activation occurs, enabling detection 
of the emitted NIR signal. These signals are then captured using NIRF 
imaging and overlaid onto intravascular imaging modalities such as 
IVUS.

A study by Khamis RY et al., in 2016 demonstrated the successful 
visualization of oxLDL distribution by applying this oxLDL-targeted 
monoclonal antibody (LO1-750) in combination with NIRF-IVUS, 
effectively superimposing molecular signals onto conventional IVUS 
images (Fig. 3) [48].

This integration of nanotechnology, fluorescent labeling, and NIRF- 
IVUS has enabled the visualization of molecular and cellular features 
within vascular structures that were previously depicted only in gray
scale. Naturally, the translation of this technology into clinical appli
cations in humans represents the next critical frontier in the field.

Based on this background, a collaborative research project is 
currently underway between the Technical University of Munich (TUM), 
TUM University Hospital German Heart Center, and Imperial College 
London. The project employs anti-oxidized LDL antibody-tagged nano
particles developed at Imperial College London and Queen’s University, 
Belfast. These nanoparticles are not only functionalized with oxLDL- 
specific antibodies but also labeled with fluorescent dyes. The fluores
cent dye incorporated into the nanoparticles remains non-emissive 

under baseline conditions; however, upon binding of the monoclonal 
antibody to oxLDL, the dye is activated and emits NIRF. The resulting 
signal is detected using a near-infrared fluorescence imaging system and 
subsequently overlaid onto IVUS-acquired images. Based on the meth
odology described by Khamis RY et al., this ongoing project integrates 
fluorescently labeled nanoparticles, NIRF imaging, and IVUS to visualize 
atherosclerotic lesions, including progressive and unstable plaques, in 
vivo. Although currently at the preclinical stage, the approach has suc
cessfully enabled the detection of plaques in the femoral arteries of 
atherosclerotic rabbit models.

5. Conclusions

There is no doubt that the advancement of nanotechnology is revo
lutionary, and its applications in the medical field are broad and far- 
reaching. Nonetheless, within the domain of cardiovascular diseases, 
which affect an overwhelming number of patients worldwide and 
remain a leading cause of mortality, the progress of nanotechnology 
appears comparatively slow. The primary barrier to its advancement in 
this field is the persistent lack of comprehensive understanding at the 
molecular and cellular levels of cardiovascular pathophysiology.

Despite these challenges, it is important to acknowledge the efforts of 
several pioneering research teams who are actively pursuing projects 
that integrate nanotechnology using fluorescent probes, NIRF imaging, 
and intravascular imaging modalities such as IVUS and OCT. Further
more, such research holds a significant advantage in its potential for 
clinical translation by enabling the projection of molecular- and cellular- 

Fig. 3. Detection of oxLDL Labeled with an oxLDL Targeted Monoclonal Antibody (LO1-750) Using NIRF-IVUS LO1-750 (6.6 mg/kg in this example) was injected IV 
into rabbits with aortic atherosclerosis following balloon injury and HF feeding. (A) Shows conventional angiography of the rabbit aorta with the red box indicating 
the balloon injured area; (B) demonstrates the corresponding longitudinal IVUS catheter pullback through the aorta. The white arrows in (B) demarcate IVUS ev
idence of eccentric atherosclerotic plaque; (C) shows ex vivo two-dimensional (2D) intravascular NIRF imaging of in vivo LO1-750 localization after 21 h. There are 
two distinct ‘hot spots’ seen on the intravascular 2D NIRF (white arrows in (C,D). The SNR of the 10 mm long plaque at the 34 mm–35 mm mark was 86.4 and target 
to background ratio (TBR) was 4.8 (yellow/white: higher NIRF signal intensity, red/: lower NIRF signal intensity –arbitrary NIRF units); (D) demonstrates corre
sponding ex vivo FRI (740/790 nm) with augmented NIRF LO1-750 activity in the two ‘hot spots’ seen on intravascular imaging. Corresponding lesions are linked by 
the dotted blue line; Scale bars in represent 10 mm in (A–D). Abbreviations: oxLDL, oxidized low-density lipoprotein; NIRF, near-infrared fluorescence; IVUS, 
intravascular ultrasound. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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level information onto widely utilized intravascular imaging platforms 
such as IVUS and OCT. This approach allows complex biological data to 
be presented in a format familiar to interventional cardiologists, thereby 
facilitating practical integration into interventional procedures. If this 
technology is translated into clinical application, it may mark a major 
turning point in the treatment of cardiovascular disease.

Nanotechnology holds immense potential for addressing the com
plexities of cardiovascular disease. However, the realization of this po
tential depends upon us. To facilitate forward-looking, translational 
research and innovation, the establishment of robust support systems for 
researchers at the forefront of this field is urgently needed and must be 
prioritized without delay.
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