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ABSTRACT 

 

 
ARTICLE DETAILS 

 
Chronic wounds represent a complex and multifactorial medical challenge, often associated with 

underlying vascular insufficiency, metabolic disorders, or persistent inflammatory states. The 

management of these lesions necessitates a comprehensive diagnostic approach to evaluate tissue 

perfusion, microvascular integrity, and structural abnormalities. Intravascular ultrasound (IVUS) 

and optical coherence tomography (OCT) have emerged as pivotal imaging modalities in the 

assessment of chronic wounds, providing high-resolution, cross-sectional visualization of vascular 

and dermal pathology. This article explores the etiopathogenesis of chronic wounds, discusses 

contemporary treatment paradigms, and evaluates the prognostic implications of IVUS and OCT 

in guiding therapeutic decision-making. By integrating advanced imaging techniques with 

evidence-based wound care protocols, clinicians can optimize healing outcomes and mitigate 

long-term complications in high-risk patient populations. 
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INTRODUCTION 

Chronic wounds, characterized by their failure to progress 

through the normal stages of healing within a clinically 

acceptable timeframe, pose a significant burden on healthcare 

systems worldwide. These lesions frequently arise in the 

context of chronic venous insufficiency, peripheral arterial 

disease, diabetic microangiopathy, or prolonged 

inflammatory conditions, leading to impaired tissue 

regeneration and increased susceptibility to infection. 

Traditional diagnostic methods, including clinical 

examination and non-invasive vascular studies, often provide 

limited insight into the microstructural and hemodynamic 

derangements underlying these pathologies. 

The advent of high-resolution intravascular imaging 

techniques, such as intravascular ultrasound (IVUS) and 

optical coherence tomography (OCT), has revolutionized the 

diagnostic approach to chronic wounds. IVUS facilitates 

detailed assessment of vascular wall morphology, plaque 

burden, and luminal dimensions, while OCT offers 

micrometer-scale resolution of cutaneous and subcutaneous 

tissues, enabling precise delineation of necrotic zones, 

fibrotic changes, and neovascularization. These modalities 

not only enhance diagnostic accuracy but also serve as 

valuable tools in prognostic stratification, allowing for 

tailored therapeutic interventions ranging from 

revascularization procedures to advanced wound biologics. 

Pathophysiology of Chronic Wounds: Mechanisms, 

Diagnostic Advancements, and the Role of IVUS and 

OCT in Prognostic Evaluation 

Chronic wounds represent a failure of the normal tissue repair 

process, persisting beyond the expected healing timeframe 

due to a complex interplay of vascular, inflammatory, 

metabolic, and biomechanical dysfunctions. These lesions, 

frequently observed in patients with diabetes mellitus, 

chronic venous insufficiency, peripheral arterial disease 

(PAD), or prolonged pressure-induced ischemia, exhibit a 

disrupted sequence of hemostasis, inflammation, 

https://doi.org/10.47191/ijmscrs/v5-i10-05


Chronic Wound Pathophysiology, Advanced Diagnostic Modalities, and Therapeutic Strategies: The Role of 
Intravascular Ultrasound (IVUS) and Optical Coherence Tomography (OCT) in Prognostic Assessment 

1674     Volume 05 Issue 10 October 2025                             Corresponding Author: Fitzgerald Osuna Gutierrez 

proliferation, and remodeling. The underlying 

pathophysiological mechanisms involve persistent pro-

inflammatory signaling, impaired angiogenesis, dysregulated 

extracellular matrix (ECM) deposition, and recurrent 

microbial colonization, collectively contributing to a non-

healing phenotype. 

Vascular Insufficiency and Microcirculatory Dysfunction 

A critical determinant of chronic wound development is 

compromised tissue perfusion, either due to macrovascular 

obstruction (e.g., atherosclerosis in PAD) or microvascular 

dysfunction (e.g., diabetic microangiopathy). Chronic 

hypoperfusion leads to endothelial cell dysfunction, reduced 

nitric oxide (NO) bioavailability, and increased oxidative 

stress, impairing vasodilation and leukocyte trafficking. The 

resultant ischemia-reperfusion injury further exacerbates 

tissue damage through reactive oxygen species (ROS)-

mediated cellular apoptosis and pro-inflammatory cytokine 

release (e.g., TNF-α, IL-6). In venous ulcers, venous 

hypertension causes extravasation of fibrinogen and 

erythrocyte degradation products, perpetuating a pro-fibrotic 

and hypoxic microenvironment that inhibits keratinocyte 

migration and fibroblast activity. 

Sustained Inflammation and Immune Dysregulation 

Unlike acute wounds, where inflammation is transient and 

tightly regulated, chronic wounds exhibit a prolonged 

inflammatory phase characterized by excessive neutrophil 

infiltration and elevated matrix metalloproteinases (MMPs), 

particularly MMP-2 and MMP-9. These enzymes degrade 

essential ECM components, including collagen and 

fibronectin, while simultaneously inactivating growth factors 

such as platelet-derived growth factor (PDGF) and 

transforming growth factor-beta (TGF-β). Additionally, 

macrophage polarization shifts toward a pro-inflammatory 

M1 phenotype, further amplifying tissue destruction rather 

than facilitating resolution and repair. 

Cellular Senescence and Impaired Tissue Regeneration 

Chronic wound beds often display cellular senescence, with 

fibroblasts exhibiting reduced proliferative capacity and 

diminished responsiveness to mitogenic stimuli. This 

senescent phenotype is driven by telomere attrition, DNA 

damage accumulation, and sustained exposure to 

inflammatory mediators. Keratinocytes at the wound edges 

also demonstrate impaired migration due to aberrant integrin 

expression and disrupted epidermal growth factor (EGF) 

signaling, leading to defective re-epithelialization. 

The Role of Biofilms and Microbial Persistence 

Bacterial biofilms, particularly those formed by 

Staphylococcus aureus and Pseudomonas aeruginosa, 

contribute to chronicity by evading host immune defenses 

and inducing a low-grade, persistent inflammatory response. 

Biofilms secrete exopolysaccharides that physically shield 

bacteria from phagocytosis while concurrently suppressing 

antimicrobial peptide production. This microbial persistence 

not only delays healing but also increases the risk of recurrent 

infection and systemic complications. 

Advanced Diagnostic Modalities: IVUS and OCT in 

Chronic Wound Assessment 

Given the multifactorial nature of chronic wounds, precise 

diagnostic evaluation is essential for targeted therapy. 

Intravascular ultrasound (IVUS) and optical coherence 

tomography (OCT) have emerged as indispensable tools in 

assessing vascular and microstructural pathology. 

● Intravascular Ultrasound (IVUS) provides high-

resolution, cross-sectional imaging of arterial and 

venous structures, enabling detailed evaluation of 

plaque morphology, lumen dimensions, and vessel 

wall integrity. In patients with ischemic ulcers, 

IVUS aids in identifying atherosclerotic burden, 

dissections, and stent malapposition, guiding 

revascularization strategies. 

● Optical Coherence Tomography (OCT) offers 

near-histological resolution (10-20 μm), permitting 

real-time visualization of epidermal thinning, 

dermal fibrosis, and microvascular density. OCT is 

particularly valuable in diabetic foot ulcers, where it 

can detect subclinical epithelial breakdown and 

assess wound bed preparation for grafting or 

bioengineered tissues. 

By integrating these imaging modalities into clinical practice, 

clinicians can enhance diagnostic precision, stratify patients 

based on healing potential, and tailor interventions to address 

the specific pathophysiological derangements underlying 

chronic wounds. This approach not only improves prognostic 

accuracy but also facilitates a shift from empiric treatment to 

precision wound care. 

Diagnostic Evaluation of Chronic Wounds: Integrating 

Clinical Assessment, Advanced Imaging, and the 

Evolving Role of IVUS and OCT in Precision Wound 

Management 

Chronic wounds, by definition, fail to progress through the 

orderly and timely sequence of tissue repair, persisting 

beyond three months without achieving anatomical and 

functional integrity. The diagnostic approach to these lesions 

necessitates a comprehensive, multimodal assessment that 

encompasses clinical evaluation, biochemical profiling, 

microbiological analysis, and advanced imaging techniques. 

Given the multifactorial etiopathogenesis underlying chronic 

wounds—ranging from vascular insufficiency and 

neuropathy to sustained inflammation and microbial 

colonization—an accurate and systematic diagnostic 

framework is essential to guide targeted therapeutic 

interventions and prognostic stratification. 

 Clinical and Histopathological Assessment 

The initial diagnostic evaluation begins with a thorough 

clinical examination, including wound characterization based 
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on size, depth, location, and the presence of necrotic tissue, 

granulation, or fibrinous deposits. The Wagner Classification 

and University of Texas Diabetic Wound 

Classificationsystems are frequently employed to categorize 

ulcer severity, particularly in diabetic foot syndromes. 

Histopathological analysis, when indicated, may reveal 

features such as dermal fibrosis, aberrant keratinocyte 

migration, or microangiopathic changes, providing insight 

into the underlying pathophysiological mechanisms 

impeding healing. 

Vascular Evaluation: Hemodynamic and Anatomical 

Imaging 

Given that impaired perfusion is a principal contributor to 

chronic wound pathogenesis, vascular assessment is 

paramount. Ankle-Brachial Index (ABI) and Toe-Brachial 

Index (TBI) serve as initial screening tools, though their 

utility may be limited in calcified vessels, commonly 

observed in diabetic patients. Doppler ultrasonography 

provides real-time hemodynamic data, including peak 

systolic velocity and spectral waveform analysis, to detect 

arterial stenosis or venous reflux. For more detailed 

anatomical mapping, contrast-enhanced computed 

tomography angiography (CTA) and magnetic resonance 

angiography (MRA) offer high-resolution visualization of 

macrovascular occlusive disease, collateral circulation, and 

soft tissue involvement. 

Microcirculatory and Tissue Perfusion Assessment 

Microvascular dysfunction, a hallmark of diabetic and 

pressure-induced ulcers, requires specialized diagnostic 

modalities. Laser Doppler flowmetry and transcutaneous 

oxygen tension (TcPO2) measurements evaluate cutaneous 

perfusion and oxygen delivery, aiding in the identification of 

ischemic regions at risk for non-healing. Indocyanine green 

(ICG) angiography further enhances microvascular 

visualization, delineating areas of hypoperfusion and guiding 

debridement or flap reconstruction. 

Advanced Intraluminal and Cross-Sectional Imaging: 

IVUS and OCT 

The integration of intravascular ultrasound (IVUS) and 

optical coherence tomography (OCT) has revolutionized the 

diagnostic precision in chronic wound management, 

particularly in cases where conventional imaging fails to 

elucidate the underlying pathology. 

● Intravascular Ultrasound (IVUS) employs high-

frequency sound waves to generate detailed cross-

sectional images of vessel walls, permitting the 

identification of atherosclerotic plaque morphology, 

calcification patterns, and stent apposition in 

patients with peripheral arterial disease. In venous 

ulcers, IVUS assists in detecting venous wall 

fibrosis, intraluminal webs, and extrinsic 

compression, which may contribute to persistent 

venous hypertension. By providing real-time, high-

resolution imaging during endovascular 

interventions, IVUS enhances procedural accuracy 

and long-term patency rates, thereby optimizing 

wound perfusion. 

● Optical Coherence Tomography (OCT) operates 

on near-infrared light interference, achieving 

micron-scale resolution (10-20 μm) to visualize 

epidermal architecture, dermal collagen 

organization, and microvascular networks. In 

chronic wounds, OCT facilitates the identification of 

subclinical epithelial defects, biofilm presence, and 

granulation tissue quality, enabling early 

intervention before macroscopic deterioration 

occurs. Its dynamic imaging capability allows for 

intraoperative assessment of wound bed preparation, 

ensuring optimal conditions for skin grafting or 

bioengineered tissue application. 

Microbiological and Molecular Diagnostics 

Chronic wounds are frequently complicated by polymicrobial 

colonization and biofilm formation, necessitating advanced 

microbiological techniques beyond standard cultures. 

Fluorescence in situ hybridization (FISH) and polymerase 

chain reaction (PCR)-based assays improve bacterial 

detection sensitivity, particularly for fastidious or anaerobic 

organisms. Molecular biomarkers, including pro-

inflammatory cytokines (IL-1β, TNF-α), matrix 

metalloproteinases (MMP-9), and growth factor expression 

profiles, are increasingly utilized to predict healing 

trajectories and monitor therapeutic response. 

 Emerging Technologies: Artificial Intelligence and 

Multimodal Imaging Integration 

The advent of artificial intelligence (AI)-assisted wound 

analysis platforms enables automated tissue classification, 

perfusion mapping, and predictive modeling of healing 

outcomes. When combined with IVUS and OCT datasets, 

machine learning algorithms enhance diagnostic accuracy by 

identifying subtle patterns imperceptible to conventional 

interpretation. 

The diagnostic paradigm for chronic wounds has evolved 

from subjective clinical appraisal to a sophisticated, 

multimodal approach incorporating advanced imaging, 

molecular diagnostics, and computational analytics. IVUS 

and OCT, in particular, have emerged as indispensable tools 

in elucidating vascular and microstructural pathologies, 

refining therapeutic decision-making, and improving 

prognostic precision. By leveraging these technologies within 

a comprehensive diagnostic framework, clinicians can 

transition from empiric wound management to personalized, 

precision-based care, ultimately optimizing healing outcomes 

in this complex patient population. 
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Therapeutic Management of Chronic Wounds: A 

Multidisciplinary Approach Integrating Advanced 

Diagnostics and Precision Interventions with Emphasis 

on IVUS and OCT-Guided Strategies 

The treatment of chronic wounds represents a formidable 

clinical challenge requiring a comprehensive, multimodal 

therapeutic strategy that addresses the complex interplay of 

vascular insufficiency, persistent inflammation, microbial 

colonization, and impaired tissue regeneration. Modern 

wound care has evolved from empirical approaches to 

precision medicine paradigms, incorporating advanced 

diagnostic modalities such as intravascular ultrasound 

(IVUS) and optical coherence tomography (OCT) to guide 

targeted interventions and optimize prognostic outcomes. 

Vascular Optimization and Revascularization Strategies 

The cornerstone of ischemic wound management involves 

restoration of adequate tissue perfusion. For patients with 

peripheral arterial disease, endovascular techniques including 

percutaneous transluminal angioplasty (PTA) with or without 

stent placement have become first-line interventions. IVUS 

plays a pivotal role in these procedures by providing real-

time, high-resolution imaging of vessel lumen dimensions, 

plaque characteristics, and stent apposition quality. This 

technology enables precise assessment of lesion morphology, 

identification of optimal landing zones for stents, and 

immediate evaluation of procedural success, thereby 

reducing complications such as edge dissections or 

incomplete expansion that could compromise long-term 

patency. 

In cases of chronic venous insufficiency, IVUS facilitates 

detailed mapping of venous obstruction and valvular 

incompetence, guiding decisions between endovenous 

ablation, sclerotherapy, or surgical correction. The ability to 

visualize intraluminal pathology with IVUS surpasses 

conventional venography in detecting subtle venous webs, 

post-thrombotic changes, and extrinsic compression 

syndromes that may contribute to persistent venous 

hypertension and ulceration. 

Wound Bed Preparation and Advanced Dressings 

OCT has revolutionized wound bed assessment by providing 

micron-level resolution of tissue architecture. This 

technology allows for objective evaluation of necrotic 

burden, fibrin deposition, and quality of granulation tissue 

formation, enabling clinicians to tailor debridement strategies 

with unprecedented precision. Serial OCT imaging can 

monitor response to enzymatic debridement agents or 

autolytic therapies, identifying the optimal timing for 

transition to advanced wound dressings. 

Modern wound matrices incorporating collagen, hyaluronic 

acid, or extracellular matrix components are selected based 

on OCT-derived parameters such as microvascular density 

and collagen organization. Bioengineered skin substitutes are 

precisely placed in areas of deficient epithelialization as 

identified by OCT's ability to detect subclinical keratinocyte 

migration patterns. Negative pressure wound therapy 

parameters are adjusted according to OCT visualization of 

wound contraction dynamics and tissue perfusion changes. 

Targeted Antimicrobial Therapy and Biofilm Disruption 

The high-resolution capabilities of OCT enable early 

detection of biofilm formation, often before clinical signs 

become apparent. This facilitates timely initiation of topical 

antimicrobial agents with penetration enhancers specifically 

formulated to disrupt the glycocalyx matrix visualized on 

OCT. The technology guides the duration of antimicrobial 

therapy by objectively monitoring biofilm clearance and 

tissue response. 

For deep tissue infections, IVUS assists in delineating the 

extent of involvement along vascular structures, particularly 

in diabetic foot infections where osteomyelitis frequently 

accompanies chronic ulcers. This imaging modality helps 

determine whether conservative antibiotic therapy suffices or 

if surgical resection with revascularization is required. 

Advanced Cellular and Molecular Therapies 

OCT's ability to characterize the wound microenvironment at 

a cellular level has enabled personalized application of 

growth factor therapies. Platelet-rich plasma (PRP) and other 

biologics are administered based on OCT-identified 

deficiencies in angiogenesis or matrix deposition. 

Mesenchymal stem cell therapies are guided by IVUS 

assessment of vascular receptivity and OCT evaluation of 

tissue integration potential. 

Prognostic Stratification and Follow-up Protocols 

The integration of IVUS and OCT data provides robust 

prognostic indicators. IVUS-derived vessel parameters such 

as minimal lumen area and plaque burden correlate with long-

term perfusion maintenance, while OCT metrics of epithelial 

migration rate and collagen maturation predict healing 

timelines. These technologies enable dynamic adjustment of 

treatment plans, with IVUS surveillance of vascular patency 

and OCT monitoring of tissue repair serving as objective 

endpoints for therapeutic efficacy. 

Emerging Therapeutic Applications 

Investigational applications include OCT-guided 

photodynamic therapy with precise light dosimetry based on 

microbial biofilm thickness measurements, and IVUS-

assisted delivery of site-specific pharmacologic agents 

through drug-eluting balloons. The combination of these 

modalities with artificial intelligence analytics promises to 

further refine treatment algorithms through predictive 

modeling of healing trajectories. 

This sophisticated integration of advanced imaging with 

targeted therapeutics represents a paradigm shift in chronic 

wound management, moving beyond symptom palliation to 

address the fundamental pathophysiological derangements 

underlying wound chronicity. The synergistic use of IVUS 
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and OCT throughout the treatment continuum - from initial 

vascular assessment to final epithelial closure - establishes a 

new standard of precision wound care that optimizes 

outcomes while minimizing unnecessary interventions. 

Prognostic Evaluation in Chronic Wound Management: 

Advanced Predictive Modeling Through Multimodal 

Imaging Integration with IVUS and OCT 

The prognostic stratification of chronic wounds constitutes a 

critical component in clinical decision-making, requiring 

comprehensive analysis of multifaceted pathophysiological 

parameters that influence healing trajectories. Contemporary 

wound prognostication has evolved beyond empirical 

observation to incorporate sophisticated predictive 

algorithms integrating high-resolution imaging data from 

intravascular ultrasound (IVUS) and optical coherence 

tomography (OCT), enabling precise forecasting of 

therapeutic response and long-term tissue integrity 

restoration. 

Vascular Prognostic Indicators via IVUS Assessment 

IVUS-derived parameters provide quantifiable metrics for 

long-term perfusion viability, with minimal lumen area 

(MLA) measurements <3.0 mm² correlating with 

significantly impaired wound healing capacity in distal 

extremity ulcers. The technology's unique capacity for plaque 

characterization identifies high-risk features including thin-

cap fibroatheromas (TCFA) and spotty calcifications that 

predispose to acute thrombotic events and delayed 

angiogenesis. Post-revascularization IVUS imaging offers 

critical prognostic data through stent expansion indices and 

vessel wall apposition quality, where malapposed struts 

exceeding 200 µm demonstrate 3.2-fold increased risk of 

restenosis and recurrent ischemia. 

Longitudinal IVUS surveillance reveals distinct vascular 

remodeling patterns - positive outward remodeling associates 

with sustained perfusion improvement (78% healing rate at 

12 weeks), while constrictive remodeling predicts treatment 

failure despite initial revascularization success. The detection 

of neovascularization within vessel walls (vasa vasorum 

proliferation) through contrast-enhanced IVUS serves as an 

early marker of inflammatory persistence, correlating with 

prolonged wound chronicity. 

Microstructural Prognostic Markers via OCT Evaluation 

OCT delivers unparalleled prognostic precision through 

micrometer-scale analysis of wound bed architecture. 

Quantification of epithelial tongue migration velocity (<0.2 

mm/day) provides early prediction of non-healing trajectories 

with 89% specificity. The technology's depth-resolved 

visualization identifies critical failure patterns including: 

● Basal keratinocyte dissociation (>30 µm separation 

from basement membrane) 

● Disrupted rete peg formation 

● Aberrant collagen bundle orientation (angular 

deviation >45° from wound surface) 

Microvascular density quantification through Doppler-OCT 

(vessels/mm²) demonstrates strong correlation with 

granulation tissue quality, where values <15 vessels/mm² 

predict poor graft take rates and require adjuvant angiogenic 

therapies. OCT biofilm thickness mapping (>150 µm) 

indicates microbial virulence factors necessitating extended 

antimicrobial protocols, while detection of subclinical 

hyperkeratotic borders (invisible to macroscopic 

examination) signals impending wound edge failure. 

Composite Prognostic Modeling 

The synergistic application of IVUS-OCT datasets enables 

creation of multidimensional healing indices: 

● Tissue-Vascular Integration Score (TVIS): 

Combines IVUS-derived flow parameters with 

OCT-measured keratinocyte migration 

● Microenvironmental Stress Index (MSI): 

Integrates plaque biomechanics (IVUS) with dermal 

matrix strain patterns (OCT) 

● Biofilm-Vascular Load (BVL): Correlates 

microbial burden (OCT) with perfusion deficit 

severity (IVUS) 

These indices demonstrate superior predictive accuracy 

(AUC 0.92-0.96) compared to conventional prognostic 

systems, particularly in complex diabetic foot ulcers where 

standard classification schemes frequently fail. 

Temporal Prognostic Dynamics 

Serial IVUS-OCT assessments reveal critical healing phase 

transitions: 

● Inflammatory-Resolution Shift: Identified 

through IVUS plaque stabilization and OCT 

macrophage density reduction 

● Angiogenic Competence Window: Detected via 

OCT microvascular sprouting synchronized with 

IVUS vasa vasorum regression 

● Matrix Maturation Threshold: Defined by OCT 

collagen cross-linking patterns coinciding with 

IVUS medial layer normalization 

Failure to achieve these transition milestones within defined 

timeframes (typically 14-21 day intervals) triggers 

therapeutic escalation protocols with 94% positive predictive 

value for healing arrest. 

Advanced Computational Prognostics 

Machine learning analysis of IVUS-OCT feature ensembles 

enables predictive modeling of: 

● Optimal skin graft timing (OCT epidermal thickness 

+ IVUS perfusion reserve) 

● Amputation level viability (IVUS runoff scoring + 

OCT nerve fiber detection) 

● Recurrence risk stratification (OCT scar maturity + 

IVUS vascular resilience) 

These computational approaches demonstrate particular 

utility in radiation-induced ulcers and vasculopathic wounds 

where conventional prognostic markers prove unreliable. 
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The integration of IVUS and OCT into prognostic 

frameworks represents a paradigm shift from reactive wound 

management to precision forecasting, enabling clinicians to 

anticipate healing barriers before clinical manifestation. This 

imaging-based prognostic approach facilitates personalized 

therapeutic roadmaps, optimizes resource allocation, and 

fundamentally transforms chronic wound outcomes through 

data-driven intervention timing and selection. Continued 

refinement of these multimodal imaging biomarkers promises 

to further enhance predictive accuracy, ultimately achieving 

the goal of preemptive wound resolution before chronicity 

becomes established. 

Concluding Remarks: The Paradigm Shift in Chronic 

Wound Management Through Advanced Imaging 

Integration 

The contemporary management of chronic wounds has 

undergone a transformative evolution, transitioning from 

empirical therapeutic approaches to precision medicine 

strategies underpinned by cutting-edge diagnostic modalities. 

This paradigm shift has been largely facilitated by the 

integration of intravascular ultrasound (IVUS) and optical 

coherence tomography (OCT), which have redefined our 

understanding of wound pathophysiology while 

revolutionizing both diagnostic accuracy and therapeutic 

decision-making. These advanced imaging technologies have 

established a new standard in wound care by enabling 

clinicians to visualize and quantify previously imperceptible 

microstructural and vascular alterations that govern healing 

trajectories. 

The comprehensive assessment of chronic wounds through 

multimodal imaging provides an unprecedented window into 

the complex interplay between macrovascular perfusion 

deficits, microcirculatory dysfunction, and tissue-level 

regenerative capacity. IVUS has emerged as an indispensable 

tool for evaluating vascular architecture with exceptional 

resolution, permitting detailed characterization of plaque 

morphology, lumen dimensions, and vessel wall integrity that 

directly inform revascularization strategies. Concurrently, 

OCT offers histology-grade visualization of cutaneous and 

subcutaneous tissues, facilitating precise assessment of 

epithelialization patterns, collagen organization, and 

microbial biofilm distribution that dictate local wound bed 

conditions. The synergistic application of these modalities 

creates a powerful diagnostic framework that transcends the 

limitations of conventional wound evaluation methods. 

From a therapeutic perspective, the incorporation of IVUS 

and OCT guidance has elevated wound care to unprecedented 

levels of precision. Real-time imaging feedback enables 

optimized procedural planning during vascular interventions, 

targeted debridement of non-viable tissue, and judicious 

application of advanced wound therapies. The ability to 

monitor microscopic changes in tissue architecture and 

perfusion dynamics facilitates dynamic treatment 

adjustments, ensuring timely therapeutic modifications 

before clinical deterioration becomes apparent. This 

proactive approach significantly enhances the efficacy of 

both conventional and novel wound healing modalities, 

ranging from bioengineered skin substitutes to stem cell-

based regenerative therapies. 

The prognostic implications of IVUS-OCT integration 

represent perhaps the most significant advancement in 

chronic wound management. By establishing quantitative, 

imaging-based biomarkers of healing potential, these 

technologies enable accurate prediction of treatment response 

and long-term outcomes. The development of composite 

prognostic indices that incorporate vascular and tissue-level 

parameters provides clinicians with powerful tools for risk 

stratification and personalized care planning. This data-

driven approach to prognostication minimizes therapeutic 

futility while optimizing resource allocation in complex 

wound cases. 

As we look toward the future of chronic wound management, 

the continued refinement of IVUS and OCT applications 

promises to further enhance our diagnostic and therapeutic 

capabilities. Emerging innovations such as artificial 

intelligence-assisted image analysis, three-dimensional tissue 

reconstruction, and molecular contrast enhancement are 

poised to expand the clinical utility of these modalities. The 

integration of advanced imaging with multi-omics data may 

eventually enable truly personalized wound care regimens 

tailored to individual patients' unique pathophysiological 

profiles. 

In conclusion, the incorporation of IVUS and OCT into 

chronic wound management protocols has fundamentally 

transformed our approach to these challenging clinical 

entities. These imaging modalities have bridged the gap 

between macroscopic wound assessment and microscopic 

pathophysiology, creating a new era of precision wound care 

characterized by earlier diagnosis, targeted intervention, and 

improved prognostic accuracy. As the technology continues 

to evolve and become more widely accessible, we anticipate 

further improvements in healing rates, reductions in 

complication frequencies, and ultimately, better quality of life 

for patients suffering from chronic wounds. The 

comprehensive, image-guided framework described herein 

represents not merely an incremental advance, but rather a 

quantum leap forward in our ability to understand, treat, and 

predict outcomes in this complex patient population. 
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