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Hypoxia as a problem in clinic — fetal and neonatal
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Unmet need

Continuous, chemical-free hypoxia monitoring in early life
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ENSURE HEBLTHY LIVES
AND PROMOTE WELL-BEING

SDG Target 3.2: End preventable deaths of newborns and children under 5 years of age

(Accessed 19t Sep, 2025)


https://platform.who.int/data/maternal-newborn-child-adolescent-ageing/indicator-explorer-new/mca/number-of-neonatal-deaths---by-cause
https://platform.who.int/data/maternal-newborn-child-adolescent-ageing/indicator-explorer-new/mca/number-of-neonatal-deaths---by-cause
https://platform.who.int/data/maternal-newborn-child-adolescent-ageing/indicator-explorer-new/mca/number-of-neonatal-deaths---by-cause
https://platform.who.int/data/maternal-newborn-child-adolescent-ageing/indicator-explorer-new/mca/number-of-neonatal-deaths---by-cause

pH < 7,36 or cH+ >45
Bicarbonate < 18Bmmol/l

Hyperchloraemia
Anion gap normal

Creatinine T1

iagnosis

< 2.6mmol/l

Blood glucose
normal

Shock/Sepsis
Hypoxia
Primary lactic acidosis

Hind

Renal failure

Organic acidaemias
Ketolysis defects
Starvation ketosis

Hyponatraemia
Hyperkalaemia

inics — p

. L
. . es
= Oﬂlah?tas :9“'“‘.5 — no Ketones M y Enteral bicarbonate loss
rganic acidaemias : . .
U Ketonuria +++ Renal tubular acidosis
- Lack of Mineralocorticoids
Ketogenesis defect Starvation ketosis (CAH, Hypoaldosteronism)

Fatty acid oxid. dis. Gluconeogenesis defect
Glycogenosis | (I, VI, XI)
Organic acidaemias
Ketolysis defect

NSD610-010.02-IMD-M



https://www.imd.scot.nhs.uk/wp-content/uploads/2018/08/NSD610-010.02-IMD-Metabolic-Acidosis.pdf
https://www.imd.scot.nhs.uk/wp-content/uploads/2018/08/NSD610-010.02-IMD-Metabolic-Acidosis.pdf
https://www.imd.scot.nhs.uk/wp-content/uploads/2018/08/NSD610-010.02-IMD-Metabolic-Acidosis.pdf
https://www.imd.scot.nhs.uk/wp-content/uploads/2018/08/NSD610-010.02-IMD-Metabolic-Acidosis.pdf
https://www.imd.scot.nhs.uk/wp-content/uploads/2018/08/NSD610-010.02-IMD-Metabolic-Acidosis.pdf
https://www.imd.scot.nhs.uk/wp-content/uploads/2018/08/NSD610-010.02-IMD-Metabolic-Acidosis.pdf
https://www.imd.scot.nhs.uk/wp-content/uploads/2018/08/NSD610-010.02-IMD-Metabolic-Acidosis.pdf
https://www.imd.scot.nhs.uk/wp-content/uploads/2018/08/NSD610-010.02-IMD-Metabolic-Acidosis.pdf
https://www.imd.scot.nhs.uk/wp-content/uploads/2018/08/NSD610-010.02-IMD-Metabolic-Acidosis.pdf

Biomarkers

Biomarkers in LWNIR
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Biomarkers

Blomarkers in LWNIR
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Biomarkers

Going non-invasive and going spectroscopic
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Dialysis Unmet need Biomarkers Our work

— Multiple biomarker assessment phant.oms
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Dialysis Unmet need Biomarkers Our work

T ‘ Lactate assessment in complex systems
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Dialysis Unmet need Biomarkers Our work
T‘ ‘ Lactate assessment in complex systems
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Biomarkers

Current technologies and challenges — physiology

pH Values of the Human Body
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Biomarkers

Photodiode

pH Meter
Examples

Blue LED —— Filter

pH 1120X (Portable pH Meter) LAQUAtwin pH Meter PH-11 (2 point)  3astroesophageal impedance pH
(Mettler Toledo) meter (BLU RUNNER)

4— Carrier Layer

H+ Sensitive
Gel Compound

Manipulating /
head stage

Filter

Detector Signal
Fiber cladding

Silver
coating

Target solution
(with spatial pH
variation)
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Rel. Absorbance

1470 1900
Wavelenath (ni

Dye-doped .
Aerogel thin layer Probe head Fiber taper

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
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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.,
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Biomarkers

Going non-invasive and going spectroscopic
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Our work

—— pH7.4

i
|1 == pHl0
I

What’s available?

.
el
7

\
\ I \
NAYN S U

0.0 = X/ v !

A/

O eterttom)
B1 band — 1470 nm B2 band — 1900 nm
_ -31.0 .
—-60 01.0 Tungsten i Thulium
T _m Semiconductor £ —0l.5 halogen §_31_5 doped
S diode 2 -62.0 lamp T.31.8 source
- _ >
T 5 —62.5 £-32.0
0 c i
C _66 o} £-32.2
o £ -63.0 b
= = 7 £-325
—68 —63.5 -32.8
14701550 1800 1900 2000
1470 1550 1800 1900 2000
Wavelength (nm) Wavelength (nm) Wavelength (nm)
_15 Semiconductor =20, Semiconductor
g—zo laser g —25 laser l I |
o —25 T -30
> Py
= —El 5 =35
g~ 8 -40
£ -40 = 45
—45 -
1470 1550 1800 1900 2000
Wavelength (nm) Wavelength (nm)




Our work

—— pH7.4
--- pH4
11 —— pH10

i

bsorbance

What’s available?

B B2,

\ o
Y e

gt
oA J

[ AN
AN \\ Vo

Rel. A

Y ‘\
AN

0.0

A/

1470 1900
Wavelength (nm)

Bl band — 1470 nm B2 band — 1900 nm
_ -31.0 .
—-60 01.0 Tungsten i Thulium
T _m Semiconductor £ —0l.5 halogen §_31_5 doped
S diode 2 -62.0 lamp T.31.8 source
= —64 > >
o 3 —62.5 £-32.0
C —66 § P gl =222
£ N £-325
—68 —63.5 32.8
14701550 1800 1900 2000 1800 1900 2000
47 cnath (n 1550 avelength (nm) Navelenath (nm

AV

I
N
o

Semiconductor
laser

Semiconductor
laser

I
[
i

I
N
I
N
Ul

I
N
I I
w W
Ul

Intensity [dBm]
W W
u

Intensity (dBm)

—40

I
N
Ul

I
I
ul




Interaction with water

Absorbance (aB)
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Slope [dB/pH unit]

Bl band — 1470 nm

Sensitivity

Our work

B2 band — 1900 nm
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Future

§Tyn Conclusions and future work

National Institute
InstitiGid Naisitnta

Conclusions

1. Clear bands for detection of biomarkers in
simple medium.

2. Ability to measure multiple biomarkers
simultaneously.

3. Phantoms with multiple interferences are REISOIS
more realistic models to test robustness of 3. Selection of broadband and laser sources

= [l in B1 and B2

Conclusions

1. Two bands—B1 (1470 nm) and B2 (1900
nm) — accessible with technology

2. Penetration depth comparable to current

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

Future work
1. In-silico phantoms
2. Improved photonics benchtop
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Alive birth after
22 weeks
n = 15045

hypoxia, hypoglycaemia and Hypothermia.
These resources can be found WHO | Survive and
thrive: transforming care for every small and sick
new-born

\J

Severe neonatal
acidosis cases

n =195
63 were excluded: Key “Think Points” for Learning
- Preterm n = 52
™| ; Congenital disease * Keep them Pink. Ensure infant breathing
- Twins n=6 is adequate to maintain oxygenation and
! understand consequences of ineffective
Severe neonatal respiratory effort causing Hypoxia.
acidosis ¢ K th S t E E 1
included: eep them Sweet. Ensure infant glucose
n=132 levels are maintained for energy, under-
| Uninterpretable stand the consequences of low blood
= n =16 (12.1%) .
Normal n = 1(0.8%) sugar and prevent Hypoglycaemia.

* Keep them warm. Ensure that the infant
is kept warm, not affected by heat loss
and cold stress, ensuring Hypothermia

‘ ‘ is prevented.
Acute Subacute Gradually Chronic
hypoxia hypoxia evolving hypoxia
n =36 n=14 hypoxia n=3
(27.3%) (10.6%) n = 62 (47%) (3.2%)

Descourvieres L, Ghesquiere L, Drumez E, et al. Types of intrapartum hypoxia in the newborn at term with metabolic acidemia: A retrospective study. Acta Obstet

Gynecol Scand. 2022; 101: 1276-1281. doi:
Hitchcock, J. (2022). Hypoxia, Hypoglycemia, Hypothermia; The Three Hs - A Global Perspective on Early Care of the Newborn. In: Petty, J., Jones, T., van den
Hoogen, A., Walker, K., Kenner, C. (eds) Neonatal Nursing: A Global Perspective. Springer, Cham. https://doi.org/10.1007/978-3-030-91339-7_16


https://doi.org/10.1111/aogs.14436
https://doi.org/10.1111/aogs.14436
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