Near-Infrared Spectroscopy Imaging in Chronic Wound Care:
A Comprehensive Review of Clinical Applications and Healing Insights
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Introduction

Chronic wounds remain a global healthcare challenge.
Traditional  vascular  assessments are limited to
macrocirculation and lack real-time microvascular insights. A
critical limitation in effective wound care is the inability to
accurately assess microvascular tissue health in real time.

Macrovascular: Focus on large vessels, often
inaccurate with calcification.
Examples: ABI, TBI

<100 pm in diameter) directly at the wound site.
Examples: HSI, MSI, SFDI, TCOM

ABI (Ankle-Brachial Index); TBI (Toe-Brachial Index); HSI (Hyperspectral Imaging); MSI (Multispectral
Imaging); SFDI (Spatial Frequency Domain Imaging); TCOM (Transcutaneous oximetry)

Near-infrared (NIR) imaging addresses this gap by providing
non-invasive, two-dimensional maps of tissue perfusion to
depths of 2-3 mm, enabling early detection of perfusion
deficits. This review explains the clinical value and
interpretation of NIR imaging in providing objective, real-
time data for wound assessment and healing prediction.
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Discussion & Conclusion

predictor of wound outcomes

Quantitative Interpretation of StO, based on published literature

Ischemic/compromised:
Necrotic wound/skin
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Ischemic/compromised:
Wounds with StO, < 40% rarely

! Development of skin necrosis

Single-Point Baseline Assessment: Evaluating Healing Potential. Tissue oxygenation images are typically displayed using a jet color map, in which blue indicates low
oxygenation and red signifies high oxygenation. As shown in the figure above, the gradient transitions from blue/green (low) to yellow (mid-range) to orange/red (high).
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Studies show that higher StO; levels are associated with better healing potential.

Key Clinical Applications
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Description: Key Insights and Benefits of NIRS

Healing Trajectory &
Risk Stratification

An objective, non-invasive measure of tissue

perfusion/oxygenation for wounds and surrounding tissues with

potential for prediction of wound healing.

Vascular Assessment &
Triage

To assess lower extremity blood supply and/or need for
revascularization.

Surgical Wounds & Flap
Monitoring

Enables real-time intraoperative perfusion mapping and post-

operative monitoring.

Therapeutic Efficacy &
Advanced Modalities

To monitor therapy efficacy (e.g. HBOT, TOT) or determine
vascular sufficiency for effective wound healing and therapy

success (e.g. CAMPs).

Future Directions: Early
Pl Detection

Detects DTls and subdermal physiological distress, shifting care

from reactive treatment to proactive prevention.

Key Clinical Applications of NIRS in Wound Care. NIRS imaging offers real-time, objective data on tissue oxygenation and perfusion,

making it particularly useful for monitoring wounds of varying etiologies and assessing the efficacy of various treatment modalities.

HBOT (Hyperbaric Oxygen Therapy), TOT (Topical Oxygen Therapy), CAMPs (Cellular and/or Tissue-Based Products),
DTl (Deep Tissue Injury); Pl (Pressure Injury)

/9
— W
£0

' W .I“'i‘..t"
b A I:q . I.t 'ﬁ‘_

Day 0: StO, = 0%

Viable skin
tissue:

Day 7: StO, = 70%
Response to treatment: > 10% StO, change

Longitudinal Trajectory Tracking: Monitoring Treatment Response. Significant
increases in tissue oxygenation during the early stages of treatment are linked to
a positive clinical response and improved healing outcomes.

From Early Predicates to Modern Solutions

Transcutaneous Oximeter

510(k) Number: KO12759
Date: 2002

Blood Oximeter
510(k) Number: K963903

Date: 1998

Oximeter
510(k) Number:
KO73656
Date: 2007/2008

Oximeter
510(k) Number:
K061848
Date: 2006

Oximeter
@& 510(k) Number:
K042657
Date: 2004/2005

StO, Imaging System
510(k) Number: K153426
Date: 2015/2016

StO, Imaging System
510(k) Number: K113507
Date: 2011/2012

Modern StO,
Solution
510(k) Number:
K181623
Date: 2018

Modern StO,
Solution
510(k) Number:
K161237
Date: 2016

Modern StO,
Solution
510(k) Number:
K190334
Date: 2019

Modern StO,
Solution
510(k) Number:
K240601
Date: 2024

FDA 510(k) Clearance Process from Early Predicates to Modern Imaging Solutions: Figure illustrates the
regulatory pathways and predicate devices for several MUD-designated tissue saturation oximeters

NIR imaging advances wound management by providing real-time, noninvasive, and objective data on tissue oxygenation and perfusion. It may objectively complement the standard percentage area reduction assessments during the wound
treatment process, potentially reducing healing times and costs. Limitations include artifacts from skin tone or motion potentially mitigated by algorithms and lack of standardization. Future directions involve Al integration for predictive models

and combination with other imaging for holistic care.
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