Anesthésie en boucle fermee:

Mythe ou réalité?
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PLAN

> Limites de I'AIVOC

» Solutions pour répondre a ces limites
» Les intéréts de ces solutions

» Boucle fermée - Mythe ou realite?



=
e
b
1
-
=
)
7p]
S
Q
~
‘D
. —
/2]
-
(<}
e
=

Concentration théorique
nécessaire pour obtenir une

Intubation anestheésie adéequate

Incision

Monts de
la
hirurgie

Lac de la

\ réparation \ \

N N

Collines : Traction Plaine Haute-terre

o [ péritoine du réanimatio
I'anxiété réveil

Riviere du
sommeil



LIMITES de 'AIVOC

JIModel Obsolete*

I Vigilance/Fatigue**

I Charge de travail***

*: Kuizenga, Curr Opin Anesthesiol 2016
**. Giacalone, EJA 2016
***. Dussaussoy JCMC 2014



)uelles solutions




Boucleferméc

| a solution

» Les systemes de controle physiologigue emploiest de
boucles fermées:
= Thermorégulation
e Dans notre quotidien:
= Thermostat Cruise control

Patten BC, Odum EP. The cybernetic nature of ecosystems. Am Nat 1981;118:886-95



Closed loop System - CLS
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CLS for propofol is feasible

Premiers essais dans les années ‘50*
— Zaouter C et al. JCMC 2016

Faisable pour I'entretien
— Struys MM, et al. Anesthesiology 2001; 95:6

Faisable pour l'induction et I'entretien
— Ngai liu, et al. Anesthesiology 2006; 104:686

Faisable pour des chirurgie complexe
— Zaouter C. et al A&A février 2017

Faisable pour patients tres fragile avec comorbidites+++
— Zaouter C. et al A&A février 2017



Liu N.

Double boucle: une seule variable
Remifentanil et propofol guidés par le BIS.

Les stimuli peropératoires douloureux
provoguent I'activation corticale ef, par
conséquent, les valeurs du BIS augmentent

|- Petites oscillations: remifentanil
2- Grandes oscillations: remifentanil + propofol

Liu N. Anesth Analg, 2011 vol. 112 (3) pp. 546-557



Liu N.

Double boucle: une seule variable
Remifentanil and propofol guided via BIS monitoring.
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Hemmerling T.

McSleepy™

- 3 seringues électriques
1 3 variables controlees
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Analgoscore

TABLE L
RULES FOR SCORE DETERMINATION

<20% | <15% | <10% | <5% | MAP | >5% | >10% | >15% | >20%
HR
<35% -9 -8 -6 -5 -4
<25% -8 -7 -5 -4 -3
Vagal Reaction

<15% -6 -5 -4 -3 -2
<10% -5 -4 -3 -1 -1

HR -4 -3 -2 -1 0 1 2 3 4
>10% 1 1 3 4 5
>15% Hypotension caused by 2 3 4 3 6
>25% volume depletion 3 4 6 7 ]
>35% 4 5 6 8 9

MAP = mean arterial pressure; HR = heart rate



Analgoscore

Analgoscore™
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ent les meta-an

Heterogeneity: Tau? = 7.80; Chi* = 78.88, df = 8 (P < 0.00001); 1> = 90%
Test for overall effect: Z = 5.67 (P < 0.00001)

Manual Closed-loop Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 99% CI IV, Random, 99% CI
Agarawal ) 1° 12.1 3.3 22 6.8 2.2 22 12.4% 5.30[3.12, 7.48] -
De Smet T ** 24.1 8 20 11.5 4 20 8.9% 12.60 ([7.45, 17.75]
Hemmerling TM 3 15.7 7.4 20 9.1 1.9 20 9.8% 6.60[2.20, 11.00] ——
Hemmerling TM 15.4 10.4 93 11 2.6 93 11.7% 4.40 [1.54, 7.26] —_
Liu N *® 18 11.9 35 12 8.9 35 7.5% 6.00[-0.47,12.47]  I—
Liu N ¢ 15 5.5 98 114 4.3 98 12.7% 3.60[1.78, 5.42] =
Liuy 8 11.7 4.1 90 10.1 3 90 13.0% 1.60 [0.22, 2.98] -
Puri GD #* 18 7.4 121 10 1.5 121 12.7% 8.00[6.23, 9.77] -
Puri GD ?° 16 5.3 20 9.4 1.8 20 11.3% 6.60 [3.38, 9.82] ==
Total (99% CI) 519 519 100.0% 5.82 [3.17, 8.46] e

=20 -10 0 10 20
Favours manual Favours Closed-loop

Figure 4. Forest plot of the median absolute performance errors. Cl indicates confidence interval.

Test for overall effect: Z = 2.93 (P = 0.003)

Figure 5. Forest plot of the Global Scores. Cl indicates confidence interval.

Manual Closed-loop Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 99% CI IV, Random, 99% CI
Liu N *® 43 40 98 26 11 98 25.4% 17.00([6.21, 27.79] -
Liu N © 50 62 90 21 8 90 21.9% 29.00[12.03, 45.97] —
Liuy *® 27.2 15.3 90 22.2 8.5 90 27.9% 5.00 [0.25, 9.75] d
Puri GD ?° 51 50.4 121 24 8.1 121 24.8% 27.00[15.05, 38.95] —
Total (99% CI) 399 399 100.0% 18.77 [2.28, 35.25] e
Heterogeneity: Tau? = 143.56; Chi? = 31.81, df = 3 (P < 0.00001); I = 91%

-100 -50 0 50 100
Favours manual Favours Closed-loop



ent les meta-an

Automated Control  Manual Control Mean difference
Study Total Mean SD Total Mean SD MD 95%-Cl W(random)
Agarwal 2009 19 8040 460 18 696 7.60 |} 10.80 [6.73; 14.87] 8.1%
Biswas 2013 20 77.40 1307 20 75.0 11.00 - 240 [-5.09; 9.89] 7.1%
De Smet 2008 20 75.00 13.00 20 43.0 17.00 : i 32.00 [22.62; 41.38] 6.4%
Dussaussoy 2014 18 94.00 12.00 18 74.0 19.00 — 20.00 [9.62; 30.38] 6.1%
Hemmerling 2010 20 84.00 1430 20 66.0 20.80 — 18.00 [6.94; 29.06] 5.9%
Hemmerling 2013 93 81.40 1450 93 69.6 21.90 = 11.80 [6.46; 17.14] 17.7%
Le Guen 2013 15 73.75 6.89 14 375 9.80 o 36.25 [30.04; 42.46] 7.5%
Liu 2006 83 89.00 9.00 81 70.0 21.00 # 19.00 [14.03; 23.97) 7.9%
Liu 2011 83 82.00 1200 84 71.0 19.00 = 11.00 [6.19; 15.81] 7.9%
Liu 2012 30 80.00 6.25 31 60.0 11.75 . 20.00 [15.30; 24.70] 7.9%
Locher 2004 10 99.50 21.90 10 89.7 21.90 — 9.80 [-9.40; 29.00] 3.6%
Madhavan 2011 20 8460 720 20 75.9 11.20 = 8.70 [2.86; 14.54] 7.6%
Puri 2007 20 8732 910 20 77.3 14.30 . 10.02 [2.59; 17.45] 7.1%
Solanki 2010 20 68.70 1560 20 45.4 22.00 —— 23.30 [11.48; 35.12] 5.6%
Struys 2001 10 89.00 10.00 10 49.0 29.00 i —#— 40.00 [20.99; 59.01] 3.6%
Random effects model 481 479 Q 17.44 [11.74; 23.13] 100%
Heterogeneity: I-squared=85.8%, tau-squared=68.86, p<0.0001 .
— 1

40 20 0 20 40
Favours Manual Control  Favours Automated Control

Figure 2. Forest plot presenting the percentage of time a given target (bispectral index or SE) was maintained within the desired range in
closed-loop delivery systems (automated control) in comparison with manual control. The diamond represents the pooled results while the

horizontal line represents the 95% confidence interval (Cl).
|« Hemmeriing ASA 2017 _—



Quels interéts?




Avantagegiu systeme

« Reéduction de la charge de travail*
- Permet de se concentrer sur des taches
Qui nécessite une intelligence humaine

(Saignement — interprétation des GDS)

Sécurité

I

« Confrol d'un parametre avec plus de precision

- Pas distraction = Pas d’erreur humaine

*: Dussaussoy JCMC 2014
**:. Zaouter A&A 2016



- maintien des valeurs BIS entre 40 et 60 plus précis

BIS <45 a éeté associe a des prognostics déefavochableles
personnes agéeshez lepatients atteints de canceit
pendant lahirurgie cardiague

Cela souligne I'importance des systemes en boucle
fermée sur le devenir des patients

Leslie K. Anesth Analg 2010;110:816 Monk TG. Anesth Analg 2005;100:4
Lindholm ML. Anesth Analg 2009;108:508 Sessler DI. Anesthesiology 2012;116:1195
Kertai MD. Anesthesiology 2010;112:1116 Watson PL. Crit Care Med 2008;36:3171

Radtke BJA 2013; 110: 198 Chan MT J Neurosur Anesthesiol 2013; 25:33
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ythe ou réalite?













A sample result in
closed-loop group

A sample result in
open-loop group
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Conclusion

L'automatisation de I'anesthésie est non
seulement faisable mais permet une
meilleur qualité d’administration _des
drogues associé a une réduclion de la
charge de travail.

Leurs introduction dans la pratigue
cliniqgue quotidienne est irrépressible et
n'est qu'une gquestion de femps.




The Future of Anesthesia:

Will we be replaced by robots?
The answer is NO

KEAMGEREFWES L ILAUKMERCES FISHEURNE

O Anesthesiologists should not fear | = & A&

this development but drive it.
0 Anesthesiologist will work hand in - S
hand with robots to provide best
patient care

The aim is fo provide equal quality and performance |
any place, any timel |



RobotidAutomaticdrugdelivery

1. Proportional-integral-differential (PID)
— Simple and versatile: most used one.
— Not appropriate when:
e there is a significant delay of the controller feedback
o dealing with a system encompassing multi-variable

2. Based Adaptative/predictive (predictive self-
adaptative)
— More complex = tailored to specific application
— Minimize future output errors

3. Intelligent control: fuzzy logic — expert systems
— Control of process that defy accurate mathematical description

*Lan JY, Abbod MF, Yeh RG, Fan SZ, Shieh JS.
Review: intelligent modeling and control in anesthesia. J Med Biol Eng 2012;32:293-308
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Liu N.

Double boucle: une seule variable
Remifentanil and propofol guided via M-entropy monitoring.

State entropy (SE)

SE IS a surrogate measure of hypnotic depth

frontal electroencephalogram activity range of 0.8 —32Hz
Response entropy (RE)

electroencephalogram & electromyogram

frequency range of 0.8 — 47Hz = pain g=rs

5 min

rRe 10Q100 :

SE

Liu N. Anesthesiology 2012; 116:286-95




Liu N.

Double boucle: une seule variable
Remifentanil and propofol guided via M-entropy monitoring.

Manual Dual-loop P Manual Dual-loop P

(n = 31) (h=30) Value (h=31) (h=30) Value
SE_ 4 37 [14-62] 16[5-32] 0.029 RE_,, 23 |6-46) 1213-26]  0.12
SE. g0 5[1-7] 7(2-9] 0.21 RE.q 10[4-13] 1116-15]  0.38
B  GO3G2]  B0I60-85] O0Mdbpp 67(4-84)  T9[57-84] 021
SEqe -14[-20-(-4)] -6[-12-(-1)] 0.014 RE, 771 1] [T 4] 009

SEvore  —16[-24-(~10]] -8[-12-(-4] 0016 b da b
Eupee B[] 12[10-18] | 0022 choR 1gz1&32‘6( ) 1:23;101_01;_] 9
SEonbie 86-10] 8[8-14] 040 " -MOAPE | 1U=c0] 10-19) 0
oo 44[25-10]  25[19-53) 0043 REweeme  10[6-2]  10[6-14) 095
SR 709 109 051 REgpysme 39[2491  30[22-63] 025

L Liu N. Anesthesiology 2012; 116:286-95 ‘
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Double & Triple Lows, Risk Adjusted

MAP BIS MAC
High High Low

Low High High

High Low High

Low High Low

High Low  Low

Low Low

Low Low

Relative Risk

M Sessler Cleveland Hospital A&A 2010



(uiw) moajdiag jo uoneanq

;.E :m-mwmv;msm-f mm;
L A N 1 1

=
Q
-]

(uonpdeuiq) Ajjeriow do-1sod Aeg-0g

AjjeuoN Aeq-0¢




dividual response
variation to BIS

1. SEDATION

®
b

[ 2. LOSS OF RESPONSIVENESS |

J

------------------------

lllllllllllllllllllllllllllllllllllll

 —
| Target Range |

| 3. OPTIMAL ANAESTHETIC DEPTH |

Processed Electroencephalogram Index

4. EXCESSIVE ANAESTHETIC DEPTH

Anesthetic concentration
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Tele aplication For GA

McSleepy™

O The first world tele-
anesthesia was performed
on August 30, 2010, using

the McSleepy™.

Automated control of all 3 components of
anesthesia:

v BIS monitor
v" Analgesia monitor (NociMAP™)
v Muscle relaxation (Phonomyography)




E - APLICATI

Montreal, Canada Pisa, taly

‘ Infusion

| Anesthesiologist I Anesthesiologist




What about sedation

Where anaesthesiologists are in short
supply, the gap may be filled by
fraining a greater number of nurse
anaesthetists. If not, it Is possible that
alternative solutions would be sought
outside anaesthesia, as is presently the
case for sedation in gastrointestinal
endoscopy.

Vargo JJ, Gastroenterology 2009; 137:2161 — 2167.



What else can be done

ISmart Monitoring and Control Systems
.l Closed Loop system; Has three elements:
1. Data Acquisition
2. Controller (Computer)
3. Actuator
1 Decision-Support:
1. Data collection and algorithmic analysis

2. Presents diagnostic and therapeutic suggestions to operator

Hemmerling. Curr opp in anesth vol. 22 (6) pp. 757-63



Decision Support System (DS

_IAid decision-making in mulfi-tasking

environments
DSS

Algorithms

Pre-defined

Scenarios

\
l Inputs J Outputs

— Demographics — Diagnostic
— Hemodynamics suggestions
— Respiratory — Treatment options
_ BIS — Triage evaluations

Hemmerling. Automated anesthesia. Curr Opin Anaesthesiol, 2009



Effects of Computerized Clinical Decision
Support Systems on Practitioner Performance

and Patient Outcomes
A Systematic Review

-1 Diagnosis 1 Disease Management

1 Prevetion 1 Drugs administration

DSS—-> Improve practitioner performance

Garg et al. JAMA (2005) vol. 293 (10) pp. 1223-38



Pharmacological Robots

HSS- Hybrid Sedatfion System

L HSS is an hybrid closed loop sedation system which
Infegrates a decision support system for conitrolled
sedation.

‘HSS’— ANOVEL HYBRID SYSTEM FOR CONSCIOUS SEDATION

Thomas Hemmerling, MSc, MD; E Arbeid; L Tang,; S Cyr; M Wehbe; C Zaouter
Dept. of Anesthesiology, McGill University, ITAG Laboratory, Montreal, Canada

- B - - = s = : ¥ i
e i - TR o °F .
ANESTHESIA - 2 3 y :
e J = o o, ML I = False Positive Event not detected
m7 - " a
Tugey . = =1l : o - Thurstjaw |
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HSS interface Pop — up menu for critical events




d Sedation S
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found sedation state: confort
biding any abrupt movement

tice & Research.Clinical anaesthesiology.200
347
an!1997:84(1):185-189.




as50Q

|ojodosd awnsay

=514 {SQE< 0} B < HY

ON

114
Aqasop jojodosd
asealnag

%05
Aq asop jojodosd
aseainag

0 = 2500 |0J000.q

{65
> SIg a8eiany > ¢S

{05 => 5@ afeiany

ANIISUO) § JO)
g5 HY 9 26> 70ds

> i pue 26 > 2ods

ET =pjoysaiyl ¥y
upw /3y /8w gst

= 350 |ojodoid [y

punojoiq,
= 3jijo.d uonepas

ET = PlOysaIyL ¥y
ujw /3 /Bw szt
= 950( |0jodosd [eniy|

Aelapop,
= 9|1youd uonepas

71 = ploysaiyL ¥y
uiw /By /8w 001
= 50( [ojodoad [eniu|

Ayln,
= a|yjod uoepas

53A

> San|eA Ig £ 1587

ON

i09
> SON[RA Sig € 15€]

(unu
€ Joj uiw /3y /B og)
snjog
jojodosd puodas

(unw z
Joj unu/By/Bw 057)
$Nj0g [040d0i4 1544




djenbapeug JUD[[IIXTH

ot

|

nepas

=
ﬂ-
) uoneanp uo

(%

dnouas jonuo) g

dnoin SSH »




+1000°0> 9SIF8 VI
+1000°0> SVYIT8IE
650°0 CLiF06c
x£00°0 C0ZTRIC

L'9FI'L 08<SId
667991 CL<SId
OTIFTEC 09>SI4
£6T0vI ¢S>SId

d (§,=u) dnoxp jonpuo)

(SL=u) dnox-SSH (%) 2w wonepag

JIUBULIOLIdJ [BITUI)

»1000°0> SEIFLEI
»1000°0> 6CTLY
*100°0 £ TCFL89

00I+LY (urur) moy/ewi) aYeMy
9'yFC'CT moy/a3ueyd 9s0(]
C8EFI'LS (Swr) asop [ojodoid uerpay

d (sL=u) dnois) joyuo)

(SL=u) dnoxH-SSH

JUII) IYBME PUR JUIWIFeUBW UONEBPIs IANeIddoryuy




»1000°0> CTECFHrET € ISIFe1El IdD

%070 [T°0F90°0- ETOFIT0- 90U IAAI(
10070 CSFLII EF'6 S[qqoM
»1000°0> v’ SF0'81 0¥+8°01 ddVAN
SN VEIF6Y 0SFr'C dddN

d (sL=u) dnoas) jonyuo) (sL=u) dnoas)-SSH

JIUBULIOIdJ [013UO0D)




| wiee zods
| iy

_ wueje
Y — gods Jiseg

— wueje

'y _ Hy pasueapy o ON -
VInmr ‘ u»l%
A 4
| |

sudis
_ 1EMA 234D

F

) + _Ehm_n Wy diseg

a iree é
N dvw aser




SWYllIod|e [013U0 SAVY

HOJWOd Juailed

uolepas




