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*63% of the reduction is due to lower 

respiratory infections, neonatal preterm 

birth complications, neonatal 

intrapartum-related events

Neonatal Causes of Mortality (Perin ., et al 2022. The Lancet)



Role of Neuromonitoring

1
•Is the brain working normally?

2
•Has the infant suffered brain injury?

3

•Which is the severity level of the injury 

and how is the brain adapting  

4 
•Is further evaluation needed?
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Neuromonitoring in a 
Neonatal Intensive Care Unit (NICU) 

Klebermass-Schrehof K., Internal Guidlines
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NIRS - Basics
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What is NIRS?
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NIRS is a trend monitor system

NIRS is a non-invasive monitoring technique for cerebral & somatic 

oxygenation.

NIRS is an indirect indicator of perfusion adequacy. Therefore, it allows 

continuous information on oxygen supply-versus-demand balance.

NIRS is a real time measurements based on two principles. First, light in the 

near-infrared zone can pass through the thin skin, bone, and other tissues. 

Second, the appropriate choice of near-infrared wave-lengths allows 

interpretation of changes in light absorption that reflect oxygenation.

G.S. Umamaheswara Rao, S. Bansal, in Essential of NeuroanesthesiaEssentias, 2017

André Y. Denault, Tanya Mailhot, in Neuromonitoring techniques Neuromonitoring, 2018

Lilly Bogičević, et al., in Handbook of Developmental Neurotoxicology, 2018
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Publication History

Adults

Neonates
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Historical Facts

In 1977, Frans Jöbsis, who is considered 

the father of in vivo nearinfrared

spectroscopy (NIRS), demonstrated for the 

first time that ight in the red to near-

infrared range can travel through the 

scalp, skull and cerebrospinal fluid into 

the brain and return to be

measured at the surface



MUW

Vito Giordano

9

International Survey:

- 235 NICU

- 36% have a NIRS monitor

- Only 9% use NIRS to guide clinical

managment

- 3% use NIRS to assess prognosis
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Electromagnetic spectrum

• Biological Tissues such as scalp and skull are 

relatively transparent to red & infrared light

• Oxy and deoxy hemoglobin instead selectively 

absorb red and infrared light
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Principles of light absorption

Oxygenated hemoglobin absorb more

infrared light (850-1000 nm wavelength)

Deoxygenated hemoglobin absorb more 

red light (600-750 wavelength)

NIRS Range

NIRS measures approximately between 

730 – 880 nm 

Both oxygenated hemoglobin and deoxygenated

hemoglobin absorb light at 800 nm

At 760 nm absorption is primarily deoxygenated

Vesoulis ZA et al., Journ Perinat 2021
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Principles of light absorption

reflected

Absorbed

Scattered

Transmitted trough the tissue

Absorbance= Incoming 

light/outgoing light

Transmittance=outgoing 

light/incoming light

100%transmitted Fully absorbed

LAMBERT:

Absorbance depends on 

lengths.

Ab.= ε (molecular 

extinction equation) * L

BEER:

Absorbance depends on 

concentration.

Ab.= ε (molecular 

extinction equation) * C

Lambert-Beer:

log10 In-light/out-light= ε * L * C

Mod. Lambert-Beer:

log10 In-light/out-light= ε * L * ∆C *DPF 

(Differential Pathlength Factor) 
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Two depth of light are used to subtract out 

data from the skin and the skull, resulting in 

brain oxygenation values. 

Principles of light absorption

Fischer GW et al., HSR 2010

Delpy et al, Phil Trans R Soc Lond B 1997, 352:649

The instrument emits light at a constant intensity, and detects 

this light whose intensity is attenuated after passing a tissue.
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Cerebral NIRS:

Strangman G et al., Biol Psychiatry, 2002

Delpy et al, Phil Trans R Soc Lond B 1997

Regional Tissue Oxygen Saturation (rScO2)

𝑟𝑆𝑐𝑂2 =
𝐻𝑏𝑂2

𝐻𝑏𝑂2 + 𝐻𝐻𝑏

HHb: Deoxy hemoglobin

HbO2: Oxy hemoglobin

Fractional Tissue Oxygenation extraction (FTOE)

𝐹𝑇𝑂𝐸 =
𝑆𝑎𝑂2 − 𝑟𝑆𝑐𝑂2

𝑆𝑎𝑂2

SaO2: Arterial oxygen saturation
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Basic Interpretation of rScO2 

rScO2 facts:

• Balance between regional 
oxygen delivery & 
consumption

• Can be interpreted as Absolut 
values (thresholds) or as 
dynamic changes in course of 
a diseases

• rStO2 is closer to SvO2 than 
SaO2; however, rStO2 does 
not represent/equate SvO2 
since they do not always 
parallel each other

Contribution vessels:

All vessel under 0.1 mm in 
the following hypothetical 
percentage:

• Arterioral= 10%

• Capillary= 20%

• Venular= 70% 

Arterial:venous proportion 
25:75

Watzman et al, Anesthesiology 2000

Weindling M et al, Early Hum Develop 2010

Ikeda et al., Anesth Analg 2014

Van bel et al., Neonatology 2008

rScO2 Vs TOI?
For calculation of TOI, the 
absorption is measured at 
three points very near to each, 
while calculation of

rScO 2 scattering is measured 
at the first optode and 
deducted from the 
measurements of the second 
optode.

Both TOI and rScO 2 reflect the 
saturation of oxygen in veins 
(70–80%), and arteries (20–
25%)
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Basic Interpretation of rScO2 

Kurth et al., J Cerb Blood Flow Metab 2002

Linear 

correlation

Changing methabolism

at 40-45%
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Neurological 

outcomes in adults 

patients in relation 

to rCSO2 at 

admission (Ito N et al., 

Resuscitation 2012)

Basic Interpretation of rScO2 

Pichler et al., J 

Pediatr 2013; 

381 newborn

Alderlisten et al., 2016; Ped Res.

FACIT:

- Absolute normal values are between 55% 

and 85%.

- Normal values in preterm infants increase 

after birth, after 36 hours they decrease 

again.

- Normal values show, that the 10th and 90th 

percentile slightly increase with gestational 

age.

- In preterm infants with 24/25 wGA the 

percentile thresholds are 53-80% at 72h.

- In preterm infants with 30/31 wGA the 

percentile thresholds are

55-85% at 72h.
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Basic Interpretation of NIRS signal (28 days of life) 

Mohamed M., et al., J Perinat 2021

The more mature the 

preterm infants 

the less the cerebral

tissue oxygen saturation

but the higher the ability 

to extract

Oxygen (FTO2).
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Normal regional tissue oxygen saturation in neonates: a

systematic qualitative review (Bruckner M., Ped Res 2021)

Author Neonates 

(n)

Gestational Age 

(weeks)

Device Body Site Values Age at Assessment

Xue et al. 230>= 37

FORESIGHT (neonatal 

sensor) Cerebral

Min 2: 49.0%, Min 5: 64.5%, Min 10: 74.0%, Min 30: 82.0%, Min 

60: 81.0% First hour after birth

Ozawa et al. 127>= 37 Toccare KN-15 Cerebral Min 1: ~45%, Min 5: ~52%, Min 10: ~56% First 10 min after birth

Kato et al. 8834 - 42 Toccare KN-15 Cerebral Min 1: ~42%, Min 5: ~52%, Min 10: ~56% First 10 min after birth

Montaldo et al. 61>= 37 EQUANOX 7600

Cerebral, Renal, 

Abdominal Cerebral, Renal, Abdominal data available see ref

First 9 hours after 

birth

Baik et al. 140>= 37 NIRO 200NX Cerebral Min 1: N/A, Min 5: 66%, Min 10: 75% First 15 min after birth

Pichler et al. 354>= 37 INVOS 5100c Cerebral Min 1: N/A, Min 5: 65%, Min 10: 70% First 15 min after birth

Fauchère et al. 20>= 37 NIRO 300 Cerebral Min 1: N/A, Min 5: N/A, Min 10: N/A

First 36 hours after 

birth

Roerdink et al. 15934 - 42

INVOS 4100c, NIRO 

200NX Cerebral, Muscle INVOS: 84 (6)%, NIRO: 70 (7)%; ; 92% INV; 78%NIRO First 15 min after birth

Bailey et al. 38>= 37 INVOS 5100c

Cerebral, Renal, 

Abdominal

Day 1c: 78.2 (7.9)%, Day 2c: 78.3 (6.1)%; Day 1r: 92%; Day 2r: 

88%; Day 1a: 69; Day 2a: 75% First 2 postnatal days

Bernal et al. 26>= 37 INVOS 5100b Cerebral, Renal Day 1: 76.8 (8.5)%, Day 2: 86.8 (8.1)% First 2 postnatal days
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Normal regional tissue oxygen saturation in neonates: a

systematic qualitative review (Bruckner M., Ped Res 2021)

Pichler et al. 27< 37 INVOS 5100c (neonatal sensor) Cerebral Min 1: N/A, Min 5: N/A, Min 10: N/A

First 15 min after 

birth

Fuchs et al. 51< 37 FORESIGHT Cerebral Min 1: 37%, Min 5: ~72%, Min 10: ~79%

First 10 min after 

birth

Wolfsberger et al. 100< 37 NIRO 200 Muscle 0-6 hrs: 70%, 7-12 hrs: 72%, 13-18 hrs: 73%

First 24 hours after 

birth

Hoeller et al. 87< 37 NIRO 200 NX Cerebral, Muscle

Hour 4: 71.0 (10.5)%, Hour 14: 68.6 (11.7)%, Hour 24: 70.1 

(10.3)%

First 30 hours after 

birth

Alderliesten et al. 999< 32 INVOS 4100, INVOS 5100c Cerebral INVOS: 84 (6)%, NIRO: 70 (7)%

First 72 hours after 

birth

Naulaers et al. 15< 32 NIRO 300 Cerebral

Day 1: 57.0 (54.0–65.7)%, Day 2: 66.1 (61.9–82.2)%, Day 3: 76.1 

(67.1–80.1)% First 3 postnatal days

Harer et al. 32< 32 INVOS 5100c (neonatal sensor) Renal

Day 2: 62.5 (57–65.7)%, Day 4: 59.1 (57–59.9)%, Day 7: 60.3 

(57.8–66.9)% Day 2 to Day 7

Van der Heide et al. 220< 32 INVOS 5100c (neonatal sensor) Abdominal Day 1: 48.2 (16.6)%, Day 4: 38.7 (16.6)% First week after birth

Patel et al. 78< 32 InSpectra 650 Abdominal Day 1: 73.8 (1.8)%, Day 3: 80.0 (1.4)%, Week 1: 77.3 (14.4)% First week after birth

Howarth et al. 43< 30 NIRO 300

Cerebral, 

Abdominal Week 1: 65.4%, Week 4: 60.1%, Week 8: 56.8%

First 8 weeks after 

birth
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Cerebral Oxygenation

Oxygen Delivery Oxygen Consumption

SaO2 MetabolismHgb CBF

PaCO2 MABP
Cardiac

output

Tempe

rature

Analgos

edation
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Respiration

- Ventilation can impact cerbral circulation

- Cerebral oxygenation can also be affected by the type 

of ventilation support during surgery

- Ventilation is the main regulatory mechanism of 

arterial carbon dioxide pressure (pCO2)

- pCO2 can affect blood circulation and perfusion by 

altering arterial vessel

- Hypercapnia=Vasodilatation

- Hypocapnia=Vasocostriction

Dix et al., Front Ped 2017

Beaudin AE et al., J Appl Physiol 2017
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Fractional Tissue Oxygen extraction: 

…More information on dynamic changes (oxygen delivery vs consumption)

…Combine changes in SpO2 & rStO2) 

tissue oxygen utilization remains relatively constant across a 

range of oxygen delivery with oxygen extraction stable to 

meet tissue metabolic requirements.

Initially, decreases in oxygen delivery produce subtle 

increases in oxygen extraction to maintain tissue 

homeostasis.

However, with further oxygen deprivation, a threshold is 

crossed (“the critical O2 point”) beyond which ongoing tissue 

oxygen utilization becomes oxygen delivery-dependent. 

Below the critical O2 point, dramatic increases in oxygen 

extraction are theorized as necessary to maintain tissue 

metabolic needs.

Mintzer and Moore, Ped Res. 2019
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Autoregulation 

& Hypotension

- Cerebral autoregulation is the ability to maintain 

stable cerebral perfusion and oxygenation during 

fluctuations in blood pressure 

- Hypotension can cause a severe reduction in cerebral 

perfusion and impairment of cerebral autoregulation, 

leading to inadequate perfusion 

- CHR monitor should include measurements of

MABP, partial pressure of CO 2 (PaCO 2 ) and a 

surrogate marker for neurogenic

activity (HR). In addition, measurements of SaO 2 

should also be included in order to decouple its 

dynamics from NIRS measurements.

Dix et al., Front Ped 2017

Caicedo et al., Springer 2016
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Fractional Tissue Oxygen extraction: 

Uni.Prof. B. Urlesberger, Medical University of Graz

NORMAL FTOE is

20-30% (0.2-0.3)

𝐹𝑇𝑂𝐸=(𝑆𝑎𝑂2−𝑟𝑆𝑐𝑂2)/𝑆𝑎𝑂2

pCO2 high? Decrease FiO2?

Increase FiO2?

MABP low?

…More information on dynamic changes (oxygen delivery vs consumption)

…Combine changes in SpO2 & rStO2) 
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Neuroprotective 

Approach
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NIRO 200: 775, 810, 850 nm

INVOS: 730, 810 nm

Fore Sight: 690, 780, 805, 850 nm

Equanox: 730, 760, 810, 880

Vesoulis et al., J Perinat. 2021

What to know further… 

(Dix ML et al., 2013; Sood et al., 2015; Lemmers et al. 2009) 
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VESOULIS AV et al. J Perinat 2021

Commercially available data capture platform
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What to know further…fNIRS
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Clinical application?

Patent Ductus Arteriosus

Respiration

Autoregulation

Hypotension

RBCT

HIE

Neurodevelopmental outcomes
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Low, but not high, rScO2 was associated with an unfavorable cognitive outcome. This 

suggests the use of a threshold of rScO2 <55% for future clinical studies when using 

adult near-infrared sensors (rScO2 <65% for neonatal sensors, approximately).
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NIRS - Summary

Pro

• Easy to use

• Trend Monitoring

• Performable at the Patient´s bedside

• Added Info in the clinical setting

Contra

• Not stand alone monitoring

• Interpretation depend on several 

factors

• Extra cable for a patient in intensive 

setting

• Variability of device output

• Expensive 

Vito Giordano MUW 33

- Range: 55-85

- FTOE for more dynamic 

interpretation



aEEG
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Amplitude integrated EEG (aEEG)
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Time compressed  6 cm/h

The amplitude-integrated EEG  (aEEG)

Copyright J.W.Richter
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Data visualization
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3.5 h aEEG10 s conventional EEG

EEG Vs aEEG
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Electrodes Placement:
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Electrodes Placement:

40

Willson et al., JoVE 2024
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Elctrodes to close to each other – „Bridge“

41
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Are all aEEG system equal?

42

Werther et al., Neonatology 2017
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Background & SWC maturation

SSW Dominating

Backgroud

SWC Min Ampl Max Ampl

24-25 DC Imminent

Immature

2 to 5 25 to 50

26-27 DC Imminent

Immature

2 to 5 25 to 50

28-29 DC/C Immature/developed 2 to 5 25 to 50

30-31 C/DS Immature/developed 2 to 6 20 to 30

32-33 C/DS in Quiet sleep developed 2 to 6 20 to 30

34-35 C/DS in Quiet sleep developed 3 to 7 15 to 25

36-37 C/DS in Quiet sleep developed 4 to 8 17 to 35

38+ C developed 7 to 8 15 to 25

Hellström-Westas L et al, Neoreviews 2006;7:e76-87

Vito Giordano

MUW



Continuous pattern

Continuity Vs Discontuinity

discontinuous pattern
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IBI

IBI Voltage

Voltage

Burst Voltage

IBI Voltage

IBI Voltage

IBI

tracé alternant

tracé discontinu

Discontinuity:

Vito Giordano
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Classification: 

Source: Tsuchida et al., 2013. ACNS Standardized EEG Terminology and Categorization for the Description of Continuous EEG 

Monitoring in Neonates: Report of the American Clinical Neurophysiology Society Critical Care Monitoring Committee. Journal of

Clinical Neurophysiology 30, 161–173. doi:10.1097/WNP.0b013e3182872b24
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Burdjalov Score: (Burdjalov et al., 2003)

(Pavlidis et al., 2017)
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New terminology: “Cyclicity”

(Kidokoro et al., 2012)
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Seizures:

 Single Seizures: isolated seizures with at 

least a duration of 10 sec.

 Repetitive Seizures: single seizures appear

frequently (30 min interval duration)

 Status epilepticus: continuous ongoing

seizures for >30 minutes

- Ictal discharge (A,B): rhythmic activity, spike waves, lasting at least 10s with a clear begin, middle and end.  Showing also evolution in 
frequency and amplitude.

- Periodic epileptiform discharges (PED) (C,D): sharp waves followed by a pronounced incision and a slow wave. These complex repeat 
every 0.5-4 sec and is associated usually with brain lesion and poor outcomes

- PED-like waves, Mono-rhythmic activity, synchronized delta slow activity (E,F)
- Zeta Waves (G,H): slow wave with a rapid negative first phase, followed by a relatively slower positive second phase of crossing the 

baseline. Generally occurs in trains of several seconds. Usually associated with IVH.
- Sinusoidal waves (I,J): low delta frequency usually frontal or occipital

Vito Giordano
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Weeke et al., Clin Neurophysiology 2017
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Kim et al., 2022
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Kim et al., 2022

Etiologies of neonatal seizures according to seizure onset timing. 
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Patient A.M.
• SSW: 24+3
• Kor.: 35+2
• IUGR: 603g
• IVH ll Re
• ROP 2
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Quick Setup

Lower Technical Demand

Simple and User-Friendly

Portable and Bedside Use

Cost-Effective

Continuous Monitoring

Detects Neonatal Seizures

Early Detection of Brain Dysfunction

Assesses Brain Maturation

Supports Therapeutic Decision Making

aEEG - Summary
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