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Estimated number in

millions (95% UR"*)

Cause-specific mortality rate
per 1000 live births (95% UR)

Children aged 0-59 months
Preterm birth complications
Lower respiratory infectionst
Intrapartum-related events
Diarrhoea

Congenital abnormalities
Sepsis or meningitis

Other conditions

Neonates aged 0-27 days
Preterm birth complications
Intrapartum-related events
Congenital abnormalities
Lower respiratory infections|
Sepsis or meningitis
Diarrhoea

Tetanus

Other conditions

Children aged 1-59 months
Lower respiratory infectionst
Diarrhoea

Malaria

Injuries

Measles

Congenital abnormalities
Meningitis

Preterm birth complications
AIDS

Intrapartum-related events
Other conditions

0-94 (0-86-1.06)
0.74 (0-62-0.84)
0-62 (0.57-0.70)
0-48 (0-40-0-55)
0-40 (0.38-0.45)
0-27(0:24-031)

1.85 (1.74-2-11)

0-88 (0-81-1-00)
058 (0.53-0-65)
0-24(0-21-028)
0-20 (0-17-0.26)
0-20 (0-17-0-23)
003 (0-03-0.04)
001 (0-01-0-01)
030 (0-25-0-36)

0.54 (0-43-0.61)
0-45 (0-37-051)
0-42 (0:34-050)
025 (0.23-0-29)
0-18 (0-12-0-46)
017 (015-019)
0-07 (0-06-0-08)
006 (0-05-0.06)
006 (0-04-0-08)
0-03 (0-04-005)
064 (0-55-071)

672 (6:15-7-60)
530(4-44-6.01)
4-41 (410-4-98)
3-47 (2-88-3-94)
2.89 (2.69-325)
1.93 (1.71-2-19)
1323 (12.47-1512)

631(5.77-717)

418 (3.81-4-68)
1.70(1-49-2-01)
146 (1-23-1.83)
1-41(123-1.67)
0.24 (0-20-0.30)
0-06 (0-04-0-07)
213(1.78-2.:60)

3.84 (3.05-4-40)
3.23(2-65-3.68)
2.98 (2-40-3-56)
179 (1-61-2-05)
131(0-83-332)
1.20(1-10-1.3/)
053 (0-43-0-59)
0.41(033-0.43)
0-40 (0-29-058)
0.23(0:25-033)
457 (3.91-5.07)

Other conditions among children aged 1-59 months included causes originated during the perinatal period, cancer,
severe malnutrition, and other specified causes. UR-uncertainty range. *UR is defined as the 2.5-97-5 centile. tLower
respiratory infections were formerly referred to as pneumonia.

Table 2: Estimated number of deaths by cause and cause-specific mortality rate in 2019
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Neonatal Causes of MOrtallty (Perin ., et al 2022. The Lancet)

80

70—

60—

50

Deaths per 1000 livebirths

[ >50% decline from 2000-19
[ 30-50% decline from 2000-19
3 <30% decline from 2000-19

ala

*63% of the reduction is due to lower

respiratory infections, neonatal preterm
birth complications, neonatal
intrapartum-related events
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Role of Neuromonitoring

- Is the brain working normally?

- Which is the severity level of the injury

- Has the infant suffered brain injury? }
and how is the brain adapting J

- |s further evaluation needed? j
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Neuromonitoring in a
Neonatal Intensive Care Unit (NICU)

Neuromonitoring Clinic CUS  aEEG/EEG/EP  NIRS MRT
Seizures + + 4 - e
Asphyxie/HIE ++ + ++ + ++
VH/PHH x +t tt + +
Congenital heart deases * + + ++ +
Preterm < 28 GW x 4 L + +
Stroke + + + - e
Enzephalitis/Meningitis + t t4 - +
Malformation ) + t - t
metabolic disorders + + + - +

Klebermass-Schrehof K., Internal Guidlines
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NIRS - Basics
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What is NIRS?

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 Bogicevi¢, et al., in Handbook of Developmental Neurotoxicology, 2018
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Publication History
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storical Facts

T

Science

~\3 Volume 198, Issue 4323

In 1977, Frans Jobsis, 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

Seminars in Fetal & Neonatal Medicine (2006) 11, 498502

VOLUME 75 e FEBRUARY 1985 ¢ NUMBER 2
- - available at www.sciencedirect.com

-z -
*s° ScienceDirect FETAL & NEONATAL MEDICINE

journal homepage: www.elsevier.com/locate/siny

Noninvasive Monitoring of Cerebral Is near-infrared spectroscopy living up to

Oxygenation in Preterm Infants: its promises?
Preliminary Observations
Gorm Greisen*

Jane E. Brazy, MD, Darrell V. Lewis, MD, Michael H. Mitnick, PhD, and
Frans F. Jobsis vander Vliet, PhD Department of Neonatology, 5024 Rigshospitalet, Blegdamsvej 9, DK-2100 Copenhagen @, Denmark

From the Departments of Pediatrics and Physiology Duke University Medical Center
Durham, North Carolina
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ACTA PEDIATRICA

Acta Pdiatrica ISSN 0803-5253

Patterns of use of near-infrared spectroscopy in neonatal intensive care
units: international usage survey

Carol Lu Hunter'? {7, Ju Lee Oei'?, Keiji Suzuki®, Kei L™, Timothy Schindler (ischindl@med usyd eduau)'?
1 Department of Newbom Case, Royal Hospital for Women, Randwick, NSW, Australa

2 Faculty of Mediane, University of New South Wales, Kensington, NSW, Australia

3 Department of Paediatngs, Tokas University School of Medone, sehara, Japan

Do not
own NIRS Plan to

64% acquire
9%
—

No plan to

pequire or

uncertain
91%

Research Chvcal Hom
28% % 32%

Treatment:
Aways (97%)
Somatenes (71%)
Nevwee (20%)

Prognoais:
Ahays (3%)
Sometimas [44%)
Nover (53%)
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International Survey:
235 NICU
36% have a NIRS monitor

Only 9% use NIRS to guide clinical
managment
3% use NIRS to assess proghosis

70 7
59
60 T
- | 50
2 ‘
5 40 .-
b
S 30 25
Q
v
& 201
4= . . N
Limited Cost No clinical Untrainedin  Limited
research advantage interpretation  patient
evidence demand
Factors
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Electromagnetic spectrum

Visible Light
700nm 600nm 500nm 400nm

Ultraviolet X-rays Gamma

Microwaves Infrared

Radio waves

<«—LONGER WAVELENGTH (meters) SHORTER—

I I D D D D D A D D D D D B B
102 1* 1 10" 102 10° 10 10° 10° 107 10° 10° 10%° 10M 10% 10

« 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

OF VIENNA

MEDICAL UNIVERSITY Vito Giordano
MUW



Principles of light absorption

10 (Red) (Infrared)
660 nm 910 nm
, Deoxygenated hemoglobin absorb more
red light (600-750 wavelength)
N"is ';a"ge Oxygenated hemoglobin absorb more
N\ s infrared light (850-1000 nm wavelength)
N\
N NIRS measures approximately between
NNk I \ 730 - 880 nm
Hb
A Both oxygenated hemoglobin and deoxygenated
N\ hemoglobin absorb light at 800 nm
o1 ; ! 2 ; 1 At 760 nm absorption is primarily deoxygenated

600 700 800 900 1000 Wavelength (nm)

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

100%transmitted FU”Y absorbed

LAMBERT: BEER:
Absorbance depends on

Absorbance depends on )
concentration.

lengths.

Ab.= € (molecular

Ab.= € (molecular - s .
extinction equation) * C

reflected extinction equation) * L

Scattered

Lambert-Beer:
logioIn-light/out-light=¢ * L * C

Mod. Lambert-Beer:
logioIn-light/out-light= € * L * AC *DPF
(Differential Pathlength Factor)

MEDICAL UNIVERSITY Vito Giordano
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of light absorption

Two depth of light are used to subtract out
data from the skin and the skull, resulting in
- brain oxygenation values.

The instrument emits light at a constant intensity, and detects
this light whose intensity is attenuated after passing a tissue.

Intensity
tissue

—

continuous intensity

Fischer GW et al., HSR 2010
Delpy et al, Phil Trans R Soc Lond B 1997, 352:649
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Cerebral NIRS:

Regional Tissue Oxygen Saturation (rScO2)

HbO?2
HbO2 + HHb

rSc02 =

HHb: Deoxy hemoglobin
HbO2: Oxy hemoglobin

Fractional Tissue Oxygenation extraction (FTOE)

Sa02 — rScO2

FTOE =
Sa02

Sa02: Arterial oxygen saturation

(

(b) c)
ﬁ ﬂ HD
<
25 50 75100
mm

0 25 50 75 100 0 25 50 75 100 0
mm mm

3 cm channel 8 mm channel 3 mm channel

Strangman G et al., Biol Psychiatry, 2002
Delpy et al, Phil Trans R Soc Lond B 1997
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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
Sa02; however, rStO2 does
not represent/equate SvO2
since they do not always
parallel each other

MEDICAL UNIVERSITY
OF VIENNA

Contribution vessels:

All vessel under 0.1 mm in
the following hypothetical
percentage:

e Arterioral=10%
e Capillary=20%
 Venular=70%

Arterial:venous proportion
25:75

Vito Giordano
MUW

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%)

Watzman et al, Anesthesiology 2000
Weindling M et al, Early Hum Develop 2010
lkeda et al., Anesth Analg 2014

Van bel et al., Neonatology 2008




Basic Interpretation of rScO2

150
4 L J
100
- 1 y=242-56Inx
s . S 120
= ] y=1.33x-36 > ] r=-0.63
=]
.% 80 r=0.98 o p <0.001
S 4 p < 0.001 g 90
© ] = ]
w 60 2
o~
3 g 60 . .
2 ] = Changing methabolism
c . c o
1 ‘S at 40-45%
g Linear g g
= ] 0 30
- | : |
2 correlation
@
0 o OO SO TR O S | ) v T ™ 4 !
0 20 40 60 80 100 0 100
cerebral O, saturation (%) cerebral O, saturation (%)
00 H—— == =
100 - 90 -
90 80
80 < 704
< 70 @
% 60 - g 60 -
g 50 | € 504
S 40 E 40 | lactate m—m
] EEG- oo
E 30 major E 5 ATP oo
o EEG- minor ®—=& c
= 20 20
10
0 10
-10 - 0
T -—————7] ] o % Lk X Bk & & d &g T T
10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 S50 6 70 8 9 100
cerebral O, saturation (%) cerebral O, saturation (%)

Kurth et al., ] Cerb Blood Flow Metab 2002
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Basic Interpretation of rScO2

100 0%,
P value < 0.0001

Neurological )
outcomes in adults so.0ne
patients in relation ‘ —

to rCSO2 at e

admission (toN et al., e e BGEC.

Resuscitation 2012)

Regional cerebral oxygen saturation on hospital arrival is a potential novel predictor of neurological outcomes at hospital
discharge in patients with out-of-hospital cardiac arrest

07 FACIT:
- Absolute normal values are between 55%
80 - and 85%.
- Normal values in preterm infants increase
. after birth, after 36 hours they decrease
& again.
g - Normal values show, that the 10th and 90th
S 60- percentile slightly increase with gestational
age.
50 - In preterm infants with 24/25 wGA the
, percentile thresholds are 53-80% at 72h.
Alderlisten etal., 2016; Ped Res. - In preterm infants with 30/31 wGA the
40 percentile thresholds are

] 12 18 24 36 48 60 72
Postnatal age (h)

55-85% at 72h.

MEDICAL UNIVERSITY Vito Giordano
OF VIENNA CCP-MUW



Basic Interpretation of NIRS signal (28 days of life)

Table 3 Estimated cercbral tissuc oxygenation through repeated modceling in 7-day intervals over the first 28 days of lifc by gestational age.

Gestational age

Cerebral tissue oxygen satuartion by Day of life, mean (95% CI)

Ist Day 7th Day 14th Day 21st Day 28th Day
23 0/7-23 6/7 76.8 (76.7, 76.9) 70.5 (70.4, 70.5) 64.1 (64.0, 64.2) 57.8 (57.6, 58.0) 51.5 (51.2, 51.7)
24 0/7-24 611 76.4 (76.3, 76.4) 70.5 (704, 70.5) 64.6 (64.5, 64.7) 58.7 (58.6, 58.9) 529 (52.7, 53.1)
25 0/7-25 67 75.9 (75.9, 76) 70.5 (70.5, 70.6) 65.1 (65.0, 65.2) 59.7 (59.6, 59.8) 54.3 (54.1, 54.4)
26 0/7-26 6/7 75.5 (754, 75.5) 70.5 (70.5, 70.6) 65.6 (65.5, 65.6) 60.6 (60.5, 60.7) 55.6 (55.5, 55.8)
27 077127 611 75.1 (75.0, 75.1) 70.5 (70.5, 70.6) 66.0 (66.0, 66.1) 61.5 (61.5, 61.6) 57.0 (56.9, 57.1)
28 0/7-28 6/7 74.6 (74.6, 74.6) 70.6 (70.5, 70.6) 66.5 (66.5, 66.6) 62.5 (62.4, 62.5) 58.4 (58.4, 58.5)
29 0/7-29 6/7 742 (74.1, 74.2) 70.6 (70.6, 70.6) 67.0 (67.0, 67.0) 63.4 (63.3, 63.5) 59.8 (59.7, 59.9)
30 0/7-30 6/7 73.7 (73.7, 73.87) 70.6 (70.6, 70.6) 67.5 (674, 67.5) 64.3 (64.3, 64.4) 61.2 (61.1, 61.3)
31 0/7-31 6/7 73.3(73.2,73.4) 70.6 (70.6, 70.7) 67.9 (67.9, 68) 65.3 (65.2, 65.4) 62.6 (62.5, 62.7)
32 0/7-32 6/1 729 (72.8, 72.9) 70.6 (70.6, 70.7) 68.4 (68.3, 68.5) 66.2 (66.1, 66.3) 64.0 (63.8, 64.1)
33 0/7-33 67 724 (72.3, 72.5) 70.7 (70.6, 70.7) 68.9 (68.8, 69) 67.1 (67, 67.3) 65.4 (65.2, 65.6)
34 0/7-34 6/1 72.0 (71.9, 72.1) 70.7 (70.6, 70.7) 69.4 (69.3, 69.5) 68.1 (67.9, 68.2) 66.8 (66.5, 67.0)

MEDICAL UNIVERSITY
OF VIENNA

Vito Giordano
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The more mature the
preterm infants

the less the cerebral
tissue oxygen saturation

but the higher the ability

to extract
Oxygen (FTO2).

Mohamed M., et al., J Perinat 2021



Normal regional tissue oxygen saturation in neonates: a
systematic qualitative review (Bruckner M., Ped Res 2021)

Author Neonates Gestational Age Device Body Site Values Age at Assessment
(n) (weeks)
FORESIGHT (neonatal Min 2: 49.0%, Min 5: 64.5%, Min 10: 74.0%, Min 30: 82.0%, Min
Xue et al. 230>= 37 sensor) Cerebral 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
Cerebral, Renal, First 9 hours after
Montaldo et al. 61>= 37 EQUANOX 7600 Abdominal Cerebral, Renal, Abdominal data available see ref 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
First 36 hours after
Fauchére et al. 20>= 37 NIRO 300 Cerebral Min 1: N/A, Min 5: N/A, Min 10: N/A birth
INVOS 4100c, NIRO
Roerdink et al. 15934 - 42 200NX Cerebral, Muscle INVOS: 84 (6)%, NIRO: 70 (7)%; ; 92% INV; 78%NIRO First 15 min after birth
Cerebral, Renal, Day 1c: 78.2 (7.9)%, Day 2c: 78.3 (6.1)%; Day 1r: 92%; Day 2r:
Bailey et al. 38>= 37 INVOS 5100c Abdominal 88%; Day la: 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

@ MEDICAL UNIVERSITY Vito Giordano
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Normal regional tissue oxygen saturation in neonates: a
systematic qualitative review (Bruckner M., Ped Res 2021)

First 15 min after
Pichler et al. 27< 37 INVOS 5100c (heonatal sensor) Cerebral Min 1: N/A, Min 5: N/A, Min 10: N/A birth

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

First 24 hours after

Wolfsberger et al. 100< 37 NIRO 200 Muscle 0-6 hrs: 70%, 7-12 hrs: 72%, 13-18 hrs: 73% birth
Hour 4: 71.0 (10.5)%, Hour 14: 68.6 (11.7)%, Hour 24: 70.1 First 30 hours after
Hoeller et al. 87< 37 NIRO 200 NX Cerebral, Muscle (10.3)% birth

First 72 hours after

Alderliesten et al. 999< 32 INVOS 4100, INVOS 5100c Cerebral INVOS: 84 (6)%, NIRO: 70 (7)% birth
Day 1: 57.0 (54.0-65.7)%, Day 2: 66.1 (61.9-82.2)%, Day 3: 76.1
Naulaers et al. 15< 32 NIRO 300 Cerebral (67.1-80.1)% First 3 postnatal days
Day 2: 62.5 (57-65.7)%, Day 4: 59.1 (57-59.9)%, Day 7: 60.3
Harer et al. 32< 32 INVOS 5100c (neonatal sensor) Renal (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
Cerebral, First 8 weeks after
Howarth et al. 43< 30 NIRO 300 Abdominal Week 1: 65.4%, Week 4: 60.1%, Week 8: 56.8% birth

OF VIENNA MUW
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Cerebral Oxygenation

Oxygen Delivery Oxygen Consumption

Metabolism

/N

Tempe Analgos

Cardiac
output

rature 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

OF VIENNA MUW
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Dix et al., Front Ped 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
‘ Tesuemeirboto | range of oxygen delivery with oxygen extraction stable to

failure (shock) . : -
meet tissue metabolic requirements.
Oxygen : [ .
extraction ) FIOE samae? Initially, decreases in oxygen delivery produce subtle
: / Increases in oxygen extraction to maintain tissue
e e homeostasis.
e ’ Normal metabolism . . . .
Oxygen However, with further oxygen deprivation, a threshold is
(C;‘rfg'j;“pﬁgn) Critical O, point | crossed (“the critical O2 point”) beyond which ongoing tissue
oxygen utilization becomes oxygen delivery-dependent.

Oxygen deli iti ' iC i '
XYaon comery 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 gazwﬁ\w\ ﬁ&: | | e |
. . £ o < W\\’/‘/’V’A"c
fluctuations in blood pressure <8 T T | o I N I N
c o - 600 800 00 0 200 400 600 800 1000
Hypotension can cause a severe reduction in cerebral - 7 SA\\ - —_—
perfusion and impairment of cerebral autoregulation, .. Hu B i s
leading to inadequate perfusion B T T I
CHR monitor should include measurements of &' X e B R e i
MABP, partial pressure of CO 2 (PaCO 2 ) and a 3 W i L
600 800 1000 10o 200 400 600 800 1000

surrogate marker for neurogenic T e ) — —
activity (HR). In addition, measurements of SaO 2 ; OM\JW”“‘
should also be included in order to decouple its ) I T
dynamics from NIRS measurements.

Dix et al., Front Ped 2017
Caicedo et al., Springer 2016

@ MEDICAL UNIVERSITY Vito Giordano

OF VIENNA MUW




Fractional Tissue Oxygen extraction:

...More information on dynamic changes (oxygen delivery vs consumption)
...Combine changes in Sp0O2 & rStO2)

VO,
\6821 Normal

: Ciygenalion pCO2 high? Decrease Fi02?

SpO2 90%  99%
Decompensated VOz'lE VO, -4 Compensated Oxygen delivery f rStO2 80% 80% Oxygen delivery ]
Oxygenation DO, - 1 DO, + Oxygenation Oxygen consumption |} FTOE 011 019 Oxygen consumption []

> DO
: Spo2 90% |
rSO2 70%

MABP low?

FTOE=(Sa02-rSc02)/5a02 FTOE 0.22 \ Sp02 75% 90%
: 0 deli § rStO2 55% 55% o deli g
NORMAL FTO i R 0:271 b o S ‘

Increase FiO27?

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

o Neuroprotective
SafeBoosC Approach

Neonatology

The SafeBoosC Phase Il Randomised Clinical Trial:
A Treatment Guideline for Targeted Near-Infrared-
Derived Cerebral Tissue Oxygenation versus
Standard Treatment in Extremely Preterm Infants

Treatment Protocol

L e — rcsoz < SS% rcsoz > 85% - S . -

Blood Pressure

Consider volume expansion,

Clinical vasopressor/inotropes, decrease
CRT

assessment MAP
Lactate On vasopressors?

‘————_I

Urine output

Cardiovascular Consider reducing vasopressor
status

Consider volume expansion,

‘—_-——-————I

*——-—-—————-—I

<_-—_-_—-_—-

Low CO/ SVCHl
= v €0/ ko inotropes, decrease MAP

Echocardiography

PDA Consider treatment
Oxygen transport [Hb] low Consider RBC transfusion
Sa0, low Consider increase Fi0, || Consider decrease FiO, Sp0, high 2
- || Respiratory
Respiratory status Habiss
PCO, low Consider decrease MV Consider increase MV ¢ PCO, high

‘------—-

Consider increase glucose | o L Blood glucose
intake level

MEDICAL UNIVERSITY Vito Giordano
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What to know further...

100
o5 — b
S0 —j
85—
80 —
75 —
70 —
es— , e A T,
60— TNA 4 7T oy R =
e — \/ — / \/ \,_.\»//
so—i — SA0O, (V)
::: — rScO,-Right (%)
35— — rScO-Left (%)
. S S N W W 41 R, S S B W Y ) S . M WS ) 0 O S A S WS 19, S
rbCO:,C‘:=O.848': erCO:,:.:uh‘r 16.11 S RS "\‘n;‘n:t‘;g e S R R T S S R e
Vesoulis et al., J Perinat. 2021
Device Name Manufacturer Regulatory approval®
BabyLux BabyLux Project Pre-market testing,
Absorption Spectra of Hemoglobin investigational use only
| : e Hb02 | NIRO 200: 775, 810, 850 nm EGOS-600 Tsi'nghu.a China
& NRpgon || |1 [===Hb INVOS: 730, 810 nm University
E 1 | Fore Sight: 690, 780, 805, 850 nm FORE- Edwards USA, EU, Japan
§ I | Equanox: 730, 760, 810, 880 SIGHT Elite
£ | INVOS 5100c Medtronic USA, EU, Japan
2 I ] MetaOx ISS Pre-market testing,
3 ' investigational use only
5 : - NIRO 200NX Hamamatsu USA, EU, Japan
;é: _‘__——- ] Photonics
= | 03 Masimo USA
= OxyPrem 1.4 OxyPrem EU
SenSmart X-100 Nonin USA, EU, Japan
|

1 1 1 i 1
600 650 700 ' 750 800 850 900 950 1000
Wavelength (nm)

(Dix ML et al., 2013; Sood et al., 2015; Lemmers et al. 2009)
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Commercially available data capture platform

Name Manufacturer Data export format Type of data capture  Other features and notes

VitalSyne Medtronic Csv Hub *Can also be used as a clinical tool and features some “early warning™ algorithms
*Works with INVOS monitors

FS DAQ Edwards Csv Hub *Works with ForeSight monitors

SenSmart Data Management Nonin CSsv NIRS only *Works with Nonin X-10{) monitors
*No synchronization with other monitors

OxyPrem Oxyprem CSV, XLS NIRS only *Works with OxyPrem 1.4 monitor

*Indirect capture via webpage interface, requires intemet access
*No synchronization with other monitors

ixTrend ixitos Csv Hub or server *Captures all data from the patient monitor, requires Philips patient monitor
*Compatible with multiple brands of NIRS monitors (via IntelliBridge module)
*NIRS monitor must be connected to patient monitors to be added to the data stream

BedMaster EX Excel Medical Proprictary” Server *Captures all data from the patient monitor, compatible with GE and Philips patient monitors
*Compatible with multiple brands of NIRS monitors
*NIRS monitor must be connected to the patient monitor or separately to BedMaster server to
be included in the data siream

Data Warchouse Conncct ~ Philips HL7 Server *Captures all data from the patient monitor, requires Philips monitor
*Compatible with multple brands of NIRS monitors (via IntelliBridge module)
*NIRS monitor must be connected to patient monitors to be added to the data stream

ICM+ Cambndge Enterprise  HDFS, CSV Hub *Captures all data from the patient monitor, works with Philips and GE monitors
*Compatible with many NIRS monitors
*Can interface with other ICU monitors (intracranial pressure, EEG, etc.)
*Has many built-in analytic tools, especially for autoregulation

SignalBase University of Urecht  Proprictary Hub *Integrated platform to capture patient data, amplitude-integrated EEG, and NIRS (INVOS)
ignals
*Includes visualization and autoregulation analytic tools

S,

CNS Monitor Moberg ICU Solutions Proprietary” Hub *Conventional EEG monitor
*Built in compatibility with more than 30 different patient monitors include NIRS and patient
monitors

“Files can be converted to other formats via conversion tools available upon request from the manufacturer

|zeiwerts | Zielwerte 28.03.2023 20.03.2023 30.03.2023 (22
[Auto-Dokumentation alle 15 Minu 09:00 13:00 17:00 21:00 01:00 05: 00 09:00 13:00 17:00 21:00 01:00 05:00 09:00
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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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THE JOURNAL OF PEDIATRICS * www.jpeds.com ORIGINAL

®

ARTICLES

Low Cerebral Oxygenation in Preterm Infants Is Associated with Adverse

Neurodevelopmental Outcome

Thomas Alderliesten, MD, PhD', Frank van Bel, MD, PhD', Niek E. van der Aa, MD, PhD', Paul Steendijk, MSc, PhD?,
Ingrid C. van Haastert, MA, PhD’, Linda S. de Vries, MD, PhD', Floris Groenendaal, MD, PhD’, and Petra Lemmers, MD, PhD'

%Time below threshold

%Time below threshold

._.8_2‘;‘
rScO, (%)

Composite cognitive outcome 24 mo of corrected age
70-

-=+ Adverse
— Favorable

h";\ ‘P) "h‘ﬁ @\ ”"\ b',,\" ':\Q\ ‘:’\ §\ »Gg\" h"\ ‘?\ ég\" @\\" g’\ 2 “i\ ‘9\ 4,:\ &\ 3";\
& & o "
rScO] threshold 55 - T T v T T T T T v T T T T T - v
0 4 8 12 16 20 24 28 32 36 40 44 438 52 56 60 84 68 72

Postnatal age (h)

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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Cerebral Oximetry Monitoring in Extremely Preterm Infants
Hansen MLetal. DOI: 10.1056/NEJM0a2207554

ORIGINAL ARTICLE
CLINICAL PROBLEM SafeBoosC-11l Trial

CF REE PREVI EW) The use of cerebral oximetry monitoring to guide the
treatment of extremely preterm infants is increasing, yet
evidence for its effects on clinical outcomes is lacking.

. . .
Cerebral Oximetry Monitoring
. l)esign:'/\ phase 3, mullin';nion.ll. Pugm:uic. open-label,
in Extremely Preterm Infants e T e T
after birth would result in a better outcome than usual
care in extremely preterm infants.

3l Oximet Usunl@:&re

. . . Intervention: 1601 infants born before 28 weeks' gesta-
Mathlas L H anseny M -D-v Ph D-v Adel Ina Pelllcerv tion were assigned, within 6 hours after birth, to cere- Death or Severe Brain Injury at 36 Wk
bral oximetry monitoring or usual care; 1579 of these Relative risk, 1,03 (95% C1, 0.9 8); P=0.64

M. D_' Ph . D., Simon H yttel-S grensen, M.D by Ph B , infants (98.6%) were evaluated for the primary outcome.

In the cerebral oximetry group, intervention was consid-

nfants

ered at the hypoxic threshold of 55%. The primary out-
E b ru Ergen Ekon y M . D., Ph . D ’ et al . come was a composite of death or survival with severe

brain injury at 36 weeks' postmenstrual age.

RESULTS & - el
Efficacy and Safety: Among evaluable infants, the inci- |

Ap rll 20 2023 dence of death or severe brain injury did not differ sig- Cerebeal Oximetry Vel Cani
’

nificantly between the cerebral oximetry group and the
. e O PR o) usual-care group. The incidences of other serious ad- )
N En g | J Me d 2023; 388:1501-1511 verse events — including death alone, severe brain inju- Serious Adverse Events
h ry alone, death or bronchopulmonary dysplasia, and C C W Usual Care

" . 1N KL 2 | P Lo o death or late-onset sepsis — also did not differ materi-
DOI: 10.1056/NEJM0a2207554 Sk o o e

LIMITATIONS AND REMAINING QUESTIONS

» Diagnosis of severe brain injury was based on rou-
tine cerebral ultrasonography and imaging reports;
magnetic resonance imaging was not used, and ce-
rebral ultrasound images did not undergo central
adjudication.

Less than 80% of infants underwent cerebral ultraso-
nography both early and late in their clinical course.

» Only short-term outcomes were assessed; follow-up at CONCLUSIONS
a corrected age of 2 years is ongoing to assess neuro- In extremely preterm infants, treatment guided by cerebral
developmental and other outcomes. oximetry monitoring for the first 72 hours after birth was

not associated with a lower incidence of death or severe
brain injury at 36 weeks’ postmenstrual age than usual care.

Links: Full Article | NEJM Quick Take
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NIRS - Summary

« Easy to use « Not stand alone monitoring
* Trend Monitoring * Interpretation depend on several
factors

« Performable at the Patient "s bedside

. Added Info in the clinical setting « Extra cable for a patient in intensive

setting

- Range: 55-85
- FTOE for more dynamic
interpretation

« Variability of device output

« Expensive
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Amplitude integrated EEG (aEEG)

Device for Continuous Monitoring of Cerebral Activity in
Resuscitated Patients

Mr. D. MaynaAarDp, Dr. PAMELA F. PrIiOR

k-to-peak

WV, pea

BRITISH
MeEICAL JoUuRMAL

29 November 1969

MEDICAL UNIVERSITY Vito Giord
@ OF VIENNA MIIJ(:N iordano



The amplitude-integrated EEG (aEEG)
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Time compressed = 6 cm/h

Copyright J.W.Richter
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Data visualization
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EEG Vs aEEG
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Electrodes Placement:

F7 %3 (Fz) + P
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Electrodes Placement:

Willson et al., JoVE 2024
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Elctrodes to close to each other — ,,Bridge®
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Are all aEEG system equal?

OLYMPIC CFM 6000

Werther et al., Neonatology 2017
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Voltage classification aEEG trace 6cm/hour Pattern classification

g | Normal CNV =
o > o
= | lower margin >5uV 3
g | upper margin Continuous R
S| >10pv Normal Voltage
" =)
m 3
1 DNV 3
Moderately Discontinuous
S| abnormal Normal Voltage
=
- 4 OG y —— T— P —— ” . T —— y T Y ’ "
lower margin s5uV b r R e R : ‘i lBs
upper margin >10p\.'fg RS L R L L AR =
e e T S e P L ST 3
5 Sl Safis s é. : ”‘"!&" bk ’ . | Burst §
0 ’ ‘ : Suppression 2.
LV
-g Severely abnormal 4 Low Voltage L
= 3
_<§ lower margin <5uV od B
upper margin <10pVv
PP g A FT
15 ; Flat Trace
4 FT L (isoelectric)

From Thoresen M, et al. Effect of hypothermia on amplitude-integrated electroencephalogram in infants with asphyxia.
Pediatrics. 2010 Jul;126(1):e131-9. PMID:9563847 Reprinted with permission of The American Academy of Pediatrics

OF VIENNA MUW

@ MEDICAL UNIVERSITY Vito Giordano




Background & SWC maturation

Max Ampl
24-25 DC Imminent 2t05 25 to 50
Immature
26-27 DC Imminent 2t05 25 to 50
Immature
28-29 DC/C Immature/developed 2t05 2510 50
30-31 C/DS Immature/developed 2106 2010 30
32-33 C/DS in Quiet sleep developed 2106 2010 30
34-35 C/DS in Quiet sleep developed 3to7 15to 25
36-37 C/DS in Quiet sleep developed 4t08 17t0 35
38+ C developed 7t08 15t0 25

Hellstrom-Westas L et al, Neoreviews 2006;7:e76-87
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Continuity Vs Discontuinity
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Discontinuity:
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Classification:

Tracé Tracé Burst
Alternant Discontinu  Supression

Activité moyenne
(awake or active sleep)

: Bl
Borderline low voltage
voltage 225 uv

Low Voltage Suppressed

Electrocerebral Inactivity

IBI voltage IBI voltage
0 to <25 v 0to<bpnv

0 ! i ) 4

Continuous EEGs _ .
Discontinuous EEGs
fime (Sech)

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: cusca.

= Less clear association with behavioural 5lul-~-.u(“my(lear concordance with behavioural states
Score Continuity Cycling Amplitude of Bandwidth Span and Amplitude of Lower Border
Lower Border
Fluctuations between sleep states ASQS AW owtlined ASQS-AW AS1 QS AS2 AW-QW
0 Discontinuous ~ None Severely depressed Very depressed: low span (=15 uV) and low voltage Discontinuiy
| (<3 V) Gav)
1 Somewhat Waves first appear ~ Somewhat depressed ~ Very immature: high span (>20 pV) or moderate <10-15 seconds <19
ConﬁnUDUS (3_5 P'V) SP‘an (15_20 F'LV} and ]OW Voltage (5 “’V] 260 seconds <60 seconds £30 seconds $20 seconds ~ S
2 Continuous Not definite, Elevated (=5 pV) Immature: high span (=20 xV) and high voltage P
somewhat cycling (>5 uV) :
3 Definite cycling, but Maturing: moderate span (15-20 uV) and high voltage
interrupted (=5 V)
4 DEfll"lltE Cydlng, Mature: ].DW 5Pan ({15 PU‘V) and hlgh Voltag‘e (}5 'LLV) Diffuse High Amplitude Delta
noninterrupted
5 Regular and mature
cycling o
IC3-01
Total CFM score LA
' L35 . > T4-C4 A .-I"“,
Y P — . — — . ) Delta Brush
12 | el ‘ <~ e
12 } P <.001 5 . 5 : .
- 11 . . - Diffuse/ Diffuse/
g 10 Ies : 25 Pertcartrad Pericentral 0‘f'ﬁ"° Occipital
§ 9 B | ; s & Occipito temporal
s 4 10 s emporal
= 3 ; : .! 3 3 : L L T = o —= e - 2 gy
S 6 : s e alaabdo Frontaltransient
g 3 T R T T S T T o Fa-ca =\ /
1 1 S S [ PO [ M | . : . ] Fa.-n
o — _ — — m mm "I”I Illl‘l 50 -100 uV
23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 = _ | o ) B B e s Bl

Mean post-conceptional age, wks

(Pavlidis et al., 2017)
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Artifact 4

New terminology: “Cyclicity
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Seizures: 3 e . 2 s H
It b A 4 Ll Ao ] .'-\ *.. f fi
» Single Seizures: isolated seizures with at . UMM A dn Ay AL RTAS Jr M H ’
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- 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 (1,J): low delta frequency usually frontal or occipital

Weeke et al., Clin Neurophysiology 2017
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Epilepsia

SPECIAL REPORT

The ILLAE classification of seizures and the epilepsies:
Modification for seizures in the neonate. Position paper by the
ILLAE Task Force on Neonatal Seizures

Ronit M. Pressler’” @ | Maria Roberta Cilio> ® | Eli M. Mizrahi® | Solomon L. Moshé&>®® |
Magda L. Nunes’ | Perrine Plouin® | Sampsa Vanhatalo® | Elissa Yozawitz>® I

Linda S. de Vries'® | Kollencheri Puthenveettil Vinayan'' | Chahnez C. Triki'? |

Jo M. Wilmshurst'? | Hitoshi Yamatomo'? | Sameer M. Zuberi'®

Electroclinical seizures

® Motor seizure
- Focal; multifocal; bilateral
- Automatisms; clonic;
epileptic spasms; myoclonic; tonic;
sequential

Continuous video EEG
(gold standard for diagnosis)
or amplitude-integrated EEG

N EEG

® Non-motor seizure

- Autonomic; behavioral arrest
Neonates with clinical events ® Unclassified seizure
or with high risk for seizures

Etiology Non-epileptic events

Hypoxic-ischemic encephalopathy (HIE)
Structural: vascular, brain malformation
Genetic

Infectious

Metabolic

Unknown Kim et a.l., 2022

9% CElectrographic only seizures)

® 50-80% of neonatal seizures
® Often seen in preterm infants or HIE

MEDICAL UNIVERSITY Vito Giordano
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Etiologies of neonatal seizures according to seizure onset timing.

D8-14 D15-21 D22-28

O Hypoxic-ischemic encephalopathy (HIE) (35-45%)
O Infarction and hemorrhage (20-30%)
. Brain malformations (5-10%)

( Intraventricular hemorrhage ) O Infections (5-20%)

. Metabolic disorders (7-20%)

. Genetic epilepsy syndromes (6-10%)

HIE

( Cerebral infarction )

( Intrauterine infections X Viral infection (herpes simplex virus) )

(Acute bacterial infection (Streptococcal B meningitisD

Acute symptomatic neonatal seizures

( Acute metabolic disturbances )

Cortical malformations

Inborn errors of metabolism
Early myoclonic encephalopathy

Early infantaile epileptic encephalopathy

Neonatal epilepsy

Self-limited (familial)
neonatal seizures

MEDICAL UNIVERSITY Vito Giordano
OF VIENNA MUW

Kim et al., 2022
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The NEW ENGLAND JOURNAL of MEDICINE

REVIEW ARTICLE

Allan H. Ropper, M.D., Editor

Neonatal Seizures

Elissa Yozawitz, M.D.

Table 3. Approximate Doses of the Main Antiseizure Medications for the Treatment of Neonatal Seizures.*

Medication
Phenobarbital

Phenytoin

Levetiracetam

Midazolam

Lidocaine

Loading Dosey
20 mg/kg of body weight; second load-
ing dose, if required: 10-20 mg/kg,
administered intravenouslyy:

20 mg/kg of body weight, administered
intravenously over 30-min period

40 mg/kg of body weight, administered
intravenously; second loading dose,
if required: 20 mg/kg

0.05-0.15 mg/kg of body weight

2 mg/kg of body weight, administered
intravenously over 10-min period

Maintenance Dosef}

5 mg/kg of body weight per day, adminis-
tered intravenously or orally

5 mg/kg of body weight per day, admin-
istered intravenously in two divided
doses, adjusted according to response
and plasma concentration

40-60 mg/kg of body weight per day, admin-
istered intravenously, or given orally in
three divided doses

1 pug/kg of body weight per minute (60 ug/kg
per hour), administered as a continuous
infusion, increased in steps of 1 ug/kg
per minute; maximum dose: 5 pg/kg
per minute

7 mg/kg of body weight per hour, adminis-
tered intravenously for 4 hr, then 3.5 mg/
kg per hour for 12 hr, then 1.75 mg/kg
per hour for 12 hr, and then stopped

Comments

FDA-approved; enhances
GABAA inhibitory activity

Off-label use; voltage-gated
sodium-channel blocker

Off-label use; binds to SV2A
and impedes synaptic
vesicle trafficking

Off-label use; GABAA agonist

Off-label use; voltage-gated
sodium-channel blocker

* Information on doses is from Dehkharghani,'? Sharpe et al.,'* Van Den Broek et al.,!* Pisano et al.,'* Castro Conde et al.,!” Sands et al_ '
Favié et al.,'® and Pressler et al.? Other agents that may be used, depending on the clinical presentation, family history, laboratory tests,
and EEG findings, include pyridoxine, pyridoxal-5-phosphate, and carbamazepine. FDA denotes Food and Drug Administration, GABAA
y-aminobutyric acid type A, and SV2A synaptic vesicle protein 2A.

T Opinions about dosing vary, and the doses shown should be taken as approximate values.

I Higher doses of phenobarbital may be given with careful cardiorespiratory monitoring.
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aEEG - Summary

W

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
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