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Clinical Biomarkers
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Hypoxia as a problem in clinic – fetal and neonatal
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Clinical Biomarkers
Continuous, chemical-free hypoxia monitoring in early life
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Biomarkers in LWNIR

S. Krishnamoorthy (Unpublished)



Harris, Philip & Altaner, Clemens. (2013). Workshop on commercial application of IR spectroscopies to solid wood.. 

Biomarkers in LWNIR
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Going non-invasive and going spectroscopic

S. Krishnamoorthy, et al., "Beyond Oxygen In-vivo Long-wavelength Near Infra-red Spectroscopy for Hypoxia Assessment," in ECBO 2021,  paper ES2B.1.
Muncan J, Tsenkova R. Aquaphotomics—From Innovative Knowledge to Integrative Platform in Science and Technology. Molecules. 2019; 24(15):2742.
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S. Krishnamoorthy, W. Messina, C. Kiely, N. Rossberg, A. Visentin, R. Burke, S. Andersson-Engels, “Point-of-care, continuous assessment of multiple biomarker using 
long wavelength near infrared spectroscopy for dialysis”, ECBO Munich, Germany (2025)

Multiple biomarker assessment  phantoms
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Lactate assessment in complex systems
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S. Krishnamoorthy, W. Messina, C. Kiely, N. Rossberg, A. Visentin, R. Burke, S. Andersson-Engels, “Point-of-care, continuous assessment of multiple biomarker using 
long wavelength near infrared spectroscopy for dialysis”, ECBO Munich, Germany (2025)
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Increasing 
complexity – loss in 
sharpness and 
quality of bands

S. Krishnamoorthy, W. Messina, C. Kiely, N. Rossberg, A. Visentin, R. Burke, S. Andersson-Engels, “Point-of-care, continuous assessment of multiple biomarker using 
long wavelength near infrared spectroscopy for dialysis”, ECBO Munich, Germany (2025)



Current technologies and challenges – physiology

NSD610-010.02-IMD-Metabolic-
Acidosis.pdf
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Optical Sensing and Imaging of pH Values: Spectroscopies, Materials, and Applications Andreas Steinegger, Otto S. Wolfbeis, and Sergey M. Borisov Chemical Reviews 2020 120 (22), 12357-12489
pH Meter: Principle, Parts, Procedure, Types, Uses, Examples , Glass Membrane Versus Optical pH Sensors | Process Analytics
Berneschi, S.  et. al., (2020). Optical Fibre Micro/Nano Tips as Fluorescence-Based Sensors and Interrogation Probes. Optics. 1. 213-242. 
F. Rahman et. al, (2025), Microneedle-based electrochemical sensors for real-time pH and sodium monitoring in physiological environments, Sensing and Bio-Sensing Research, Vol. 48, 100777., 

LiteratureGoing non-invasive and going spectroscopic – invasive, sample access

Classic pH strips Calorimetric and ohmic Optical

Optical

Microneedles
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Going non-invasive and going spectroscopic
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Optical communication

Photonics
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B1 band – 1470 nm B2 band – 1900 nm

Interaction with water
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Conclusions and future work

Conclusions
1. Clear bands for detection of biomarkers in 

simple medium.
2. Ability to measure multiple biomarkers 

simultaneously.
3. Phantoms with multiple interferences are 

more realistic models to test robustness of 
a band.

Future work
1. In-silico phantoms
2. Improved photonics benchtop

Lactate assessment

Conclusions
1. Two bands – B1 (1470 nm) and B2 (1900 

nm) – accessible with technology
2. Penetration depth comparable to current 

sensors
3. Selection of broadband and laser sources 

in B1 and B2

Future work
1. Increased pH sensitivity with lasers 
2. Depth achievable

pH assessment
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