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Measure important physiological parameters
Disease/Severity classification
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Usefulness of conventional
biosignals
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Limitations of conventional
monitoring
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Blood pressure -
= Cardiac output X Vasculat:—résstance 5\
= ( Heart rate X Stroke volume) X Vascular resistance

Modern biosignal analysis

= Measure important physiological
parameters

Many physiological parameters were still
unmeasurable in human

Many physiological parameters were measured
from invasive/risky procedures

Usefulness of conventional
biosignals

N
N A\ / \ Q /\ U 1Y

S

ENER ELEIERN LS
Measure important physiological parameters

Modern biosignal analysis

» Measure important physiological
parameters
Traditionally unmeasurable
(RS e *Jéﬂﬁrﬁ FI= PR
Use non-invasive / minimal invasive to
derive parameters
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Non - invasive ~
Invasive

Minimal invasive  =*




Important physiological parameters

EKG ————— [IEfET
(Autonomic nervous activity)

o= %’%#AE?J/ el
(Cardiac output)

Cerebral AR
——————-
blood flow (Intracranial pressure)

N_Oﬂ-ln_\/aSIV_e , Invasive or traditionally
Minimal invasive unmeasurable

EKG — s e i3
(Autonomic nervous activity)

'“%#ﬁfj,"hé%
(Cardiac output)

Cerebral [
——————-
blood flow (Intracranial pressure)

Non-invasive , Invasive or traditionally

EKG ~———— A A
(Autonomic nervous activity)

S 5

(Autonomic nervous system)

F 1

(Autonomic nervous system)

(Autonomic nervous system)
HRV analysis

Parametric Spectrum (AR Model)

| RRintervals

0z 03
Frequency (Hz)

LF: sympathetic modulation
HF: Parasympathetic modulation
Eur Heart J 1996;354-81
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(Autonomic nervous system)
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Acta Neurochir 2009;151:1631-7

First insult Second insult

Neurogenic
pulmonary edema

At

Cerebral vasospasm
related infarction

PR e
e
Sympathetic
Day 1 overactivity Day 3-14
First insult Second insult: early

Regression Odds
coefficient ratio*

0.003 1.00 0.96

P value
Age

Female
gender
Clinica
severity
LF/HF
increment
*Non-complication group as reference

-1.52 0.22 0.19

2.44  11.47 0.04
2.71  14.98

Acta Neurochir 2009;151:1631-7

Non-invasive

A _ : Invasive or traditionally
Minimal invasive

unmeasurable

'L\% [”')r[ I 'IE;
(Cardiac output)

lb\)ﬂyéﬁfﬁg@?ﬁ[ ‘Bl (Cardiac output)

7 N

Swan ganz catheter

Via de entrada del catéler

gt B (Cardiac output)

mmHg Arterial blood pressure |

N e

Cardiac output

e Heart rate

Pressure area during X
[ ' "% Strok I
systole is proportional roke volume

to stroke volume
Curr Opin Anaesthesiol 2009;22:71-77
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CO dechiique Wivasiehess  Intermittent versus contiouous  Limitations

PAC related complications
Arttyythmias

Tricusgpid regurgitation

Iirmcandac and exracanduc thants

R g
Actiersal smgnal quabty

Rapid changes in vascular motoe tono
weP

Arterial sgnal quality
Rapsd changes n vascular mokoe tone
Esophageal discorder

Addtiond nformation

CVP, PAP, PCWP, Sv0y

CVF, PAP, POWF, 540,

GEDV, EVLW, PPV

(=)

SV, 5V, CL S

Aratomnic and functional
cardus awsessment

Curr Opin Anaesthesiol 2009;22:71-77

(Cardiac output)

Blood pressure

= Cardiac output x
Vascular resistance
= (Heart rate x
Stroke volume) x

Vascular resistance

Non-invasive
Minimal invasive

Cerebral
blood flow

, Invasive or traditionally
unmeasurable

P s

(Intracranial pressure)

B

(Intracerebral pressure, ICP)

= Need surgery to implant the monitor

ICP [mmHg]

30 T-";I"\.-"z‘ ""."5',! uhthy

T
i ]

AR LR 1]

LN

(Intracerebral pressure, ICP)

Simulation

= Arterial blood pressure - Intracranial pressure

ICP(r) = [~ w(r)* ABP(r — 7) d7.

ICP. = wo* ABP: + w i * ABPioy + ... + was* ABPioas + way * ABPy_oy.

= How to get (w,,w,,w,

Comp Biomed Res1998;31:231-43
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(Intracerebral pressure, ICP)

= Arterial blood pressure <> Cerebral blood flow velocity

FV Bl o 3 i
l ( 7 G 810 A8 5 e ) 43 i

TCD characteristics As(.)+B simulation function
(TCD,, TCOD,, -_—

b A, B calculated | R PRSI A

by
multiple regression
ICP simulated
ICP, simulated = 1, + ABP, + f, + ABP,, +

+ 1y = ABP, g + by = ABP g,

Comp Biomed Res1998;31:231-43

CNS

(Intracerebral pressure)

measured

: W‘““"‘W

| simulated

Ul— U —
0

mean |CP [mmHg]

b

Time [sec]

Comp Biomed Res1998;31:231-43

Non-invasive

A _ : Invasive or traditionally
Minimal invasive

unmeasurable

(@]
blood flow
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Cerebral autoregulatlon)

Autoregulation of Cerebral Blood Flow

Eload flow | 100y | min

P PGIR E 0 A R i RF R R

q\'f\'n' 1\23[‘ E [E}Jﬂﬁ:”

Cerebral autore
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Cerebral autoregulation

Arterial blood pressure
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Analg 2004;98:1133-9
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Cerebral autoregulatlon)
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preserved autoregulation [ impaired autoregulation ]

2

m -,,,',u AAad AR

108 ) - Iy !‘ i .
108 ] - + i
o w o 4

}

|
50 6

80

MABP [menHg]
MABP [mmbg)

)

maan FV fomis]

maan FV fem's]

mean FV [cmis]
mean FV [emis]

<

x
2
)
3
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Cerebral autoregulatlon)

ICP

ABP

{b/m) }{mmHg) immrig)

HR

Anesth Analg 2004;98:1133-9

Non-invasive
Minimal invasive

EKG

=) |nVasive

(Autonomic nervous activity)

 ——— s %#—E' r’ I 'vJ;r
(Caldlac output)

Cerebral [
——————-
blood flow (Intracranial pressure)

Are they clinically reliable ?

All algorithms have basic assumptions:
It may apply to certain circumstances, but not necessarily others

Is gold standard really standard?

Same parameters simulated by different algorithms
cannot be compared unless cross validation has been
made

Myth: Is invasive monitoring really should be abandoned?

Are they clinically reliable ?

= All algorithms have basic assumptions:

It may apply to certain circumstances, but not
necessarily others

LF (0.04-0.14Hz): sympathetic
modulation

HF(0.14-0.40Hz):
Parasympathetic modulation

Problems
- RR tachograms are not
absolutely linear system
- The definition of frequency
band is artificial

Py

Frequency (Hz)

Are they clinically reliable ?

= All algorithms have basic assumptions:

It may apply to certain circumstances, but not
necessarily others

Voltage = Current x Resistance

Blood pressure = Cardiac output x Vascular resistance




Are they clinically reliable ?

= All algorithms have basic assumptions:

It may apply to certain circumstances, but not
necessarily others

Blood pressure = Cardiac output x Vascular resistance

= TR

Are they clinically reliable ?

= |s gold standard really standard?
ICP can be inserted at different location of brain
parenchyma

EAN T

TR

Are they clinically reliable ?

= |s gold standard really standard?
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Are they clinically reliable ?

= Same parameters simulated by different
algorithms cannot be compared unless cross
validation has been made

Tablo 2 Overview of the sccuracy erant cardiac cutput mon inring technigues, compared wih 3 el

Setting

Curr Opin Anaesthesiol 2009;22:71-77

Are they clinically reliable ?

= Myth: Is invasive monitoring really should be
abandoned?
High-tech does not mean clinically superior




Are they clinically reliable ?

All algorithms have basic assumptions:
It may apply to certain circumstances, but not necessarily others

s gold standard really standard? " IR A %5 MELZ A < PR

Same parameters simulated by different algorithms
cannot be compared unless cross validation has been
made

Disease/Severity classification

Myth: Is invasive monitoring really should be abandoned?

> 7t

Disease/Severity Classification Disease/Severity Classification

Multiscale entropy of heart rate variability(HRV)

Disease/Severity Classification Disease/Severity Classification

Multiscale entropy of heart rate

Multiscale entropy of HRV %< %5 5 2 4 4

Sample entropy 24
22

SmEn at scale 1 20

—&— Healthy
- —+— CHF
1.8 * —»— AF

1.6

Scale 15 »
X X

ScaleZ » SmEn at scale 2 )
ol Lol ks gar 3
14 F A i“*—-g
wi A ; = 3553
¥ = 2t%ia 12 | R EEE TR
1.0 | {'\?,g' 3 E
SmEn at scale 3 o8 | TE; 5 ‘P‘r‘#&/ﬁ}_{\ﬂa‘ﬁ§n§
X

0.6
0 4 | 12

Scale factor
Physical Review 2005:71:021906




Disease/Severity Classification

® Fetal heart beat

® Normal birth fetus VS distressed fetus at birth

SampEn(2,0.15)

Disease/Severity Classification

® Trauma pateints
® Lived VS Died

O Lived [N =2313) P < 0.001, all scales
O Died (N = 348)

]

gar HR Sample Entropy
=
=

Tt 6 B o 1L I, Median (line], Cuaartile (box)

=
()

e =
-

=

1 3 5 7 9 MUIBT1HON2DB729NIITH
Scale Factor

Sample Entropy

13 5 7 9 1113151719

1. Sample entropy value

Sample entrop
ample gntigpy

Complexity indicator
1. Area under curve (AUC)
2. Compare entropy between largest and lowest scale
- /A S (=SmEn at scale 20 - scale 1)

- Ratio_S (=SmEn at scale 20 / scale 1)

Complexity indicators of MSE

= Complexity indicators of MSE curve
AUC
/\'S (=SmEn at scale 20 —scale
Ratio_S (=SmEn at scale 20/ scale 1)

= Different physiological condition has
different effect on each indicator

Complexity indicators of MSE

Two examples of classification
= Deep anesthesiaVS. Deep coma

= Severity classification in patients with
intracranial hemorrhage




Cardiac complexity in comatose
individuals e
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MSE AUC
’ 7
N—,
15 \ A
; \ " /\
‘ \ /
- V
AS (S20-S1) Ratio (S20/S1)
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e ¥MSE curvereffectf_7 I en

Sample entropy
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AUC:c#% > ieRatio S ~ AUC#®#: 7 « > it
E 3 I Ratio_S+ >1 > <1

BRI T (SAH) SSMSE. 3%

= SAH: 1-7% of all strokes

= Up to half of all cases are fatal and 10-15%
die before reaching a hospital

Lk T vl g 2 TRk BE B A B

Asymptomatic or minimal headache

Moderate to severe headache; no neurologic
deficit except cranial nerve palsy

Drowsy; minimal neurologic deficit

Stuporous; possibly early decerebrate rigidity
and vegetative disturbances

Deep coma; decerebrate rigidity; moribund

BPE I 1T Poor grade SAH

* The greatest issue is to find out a reliable
way to early predict possible outcomes of
the poor-grade patients after treatment

Good
outcome

40%

BEE iR LT Poor grade SAH

BRI
el

Salvageable Un-salvageable




Case illustration

Case 2: 61 year-old female, EIM5Vt
No surgery =>Good outcome

Case illustration

Case 40: 52 year-old female, E1M1Vt
No surgery

2 4 6

AS (S20-S1) Ratio (S20

MSE s
analysis %%F-"{
of HRV et

Treatment o o
outcome ®
O

Good

Sensitivity

ROC Curve of Treatment Outcome
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1-Specificity




Prognostic values

index

SAH grading 0.46 0.12-0.70 0.38
AUC 0.60 0.28-0.80 0.30
MSE related . 0.87 0.57-0.96  <0.01
T (520-51)
indicator
Ratio_S 8 8
(S20/51) 0.9 0.80-0.99  <0.01

/\S (520-51)
0.45

0.49
0.53
0.57

0.61 . b ROC Gurve of Treatment Qutcome
0.65 : ; I
Ratio_S (520/S1)

1.52 0.7
1.66 0.9
1.81 0.9
1.96

211

Proposed algorithm for clinical
prediction using dynamic MSE
analysis

AS Sensitivity : 0.8
Specificity : 0.9 Good

outcome

Poor
outcome

. Sensitivity : 0.9 <1.7
Ratio_S  guediicity 0.9

Cardiac complexity, measured by MSE, reflects
the severity of brain damage

Complexity indicators of MSE

= Complexity indicators of MSE curve
AUC
/\'S (=SmEn at scale 20 —scale
Ratio_S (=SmEn at largest scale/ smallest scale )

= Different physiological condition has different
effect on each indicator




Complexity indicators of MSE

= Complexity indicators of MSE curve
(AUQ) 1.2
AS 1
Ratio_S 0.8

0.6

» Hypothesis: Ratio_S is the
most deterministic
complexity parameter

1357 91113151719
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[ERAY R A = Measure important physiological
parameters
Neurology Cardiology  Hepatology
Non - invasive ~

Gastro- B Invasive

enterology by e Ophthal- - . .
- - L mology Minimal invasive ~ #'

» Disease/Severity classification
Urology

Pulmonology Nephrology

P
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Remind
Future challenges

= More clinical applications
= Real time monitoring
= Multimodality monitoring and analyses

= Cloud computing







