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Monitorage

* Surveillance meédicale en continu ou a
intervalles rapprochés, effectuée par mesure
de parametres ou par enregistrement de
phénomenes divers (contractions utérines,
battements cardiaques, etc.)

* Dans l'industrie, fonction remplie par un
moniteur

http://www.larousse.fr/dictionnaires/francais/monitorage/52229
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Pourquoi monitorer ?
Pharmacodynamie
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Monitorage de « I’anesthésie »
Analyse automatique de I'EEG : BIS
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Figure 6 Principes d'analyse de I'EEG pontané,

Billard V, Servin F, Molliex S. EMC - Anesthésie-Réanimation 2005;2:23-45



« Monitorage de la narcose »
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Billard V, Servin F, Molliex S. EMC - Anesthésie-Réanimation 2005;2:23-45



Bispectral index for improving anaesthetic delivery and
postoperative recovery (Review)

Punjasawadwong Y, Phongchicwboon A, Bunchungmongkol N

THE COCHRANE
COLLABORATION®

Punjasawadwong Y et coll. Cochrane Database Syst Rev 2007:CD003843



Méta-analyse

* 31 ERC

 Comparaison BIS / pratique standard

e Objectifs:
N mémorisation ?
N consommation agents anesthésiques ?
N temps de récupération ?
N co(t ?

Punjasawadwong Y et coll. Cochrane Database Syst Rev 2007:CD003843



Risque mémorisation

Pet Feto
Study or subgroup Bspectral index Clinical signs Oddsng QOdds Ratio
N N Peto Fixed 95% ) Peto Fixed 95% 1
| using dinical signs as a guide in standard pracfice
Myles 2004 21225 1171238 - 025 [ 008, 0.75 ]
Puri 2003 Slgnes C|Inlques 6 — Q15[ 000, 780
Subtotal (95% CI) 1239 1254 — 0.24 [ 0.08, 0.69 ]
o ) I3l SIS
Heterogeneity: G = 0.06, df = | (P = 081% P =00%
Test for cveral eflect: 2 = 264 (P = 00082)
, U967 w574 101 [Q14,7.16]
Fe halogenes
Muralidhar 2008 a0 020 Q0[00,00]
Subtotal (95% CI) 987 994 1.01 [ 0.14,7.16 |
2248 033 [0.13, 0.84 |

Heterogenaty(}rz—léldf 2(P OkaI2 =00%
Test for overall effect: Z = 2.33 (P = 0.020)
Test for subgroup difierences Chi2 = 157, df = | (P =Q21), F =36%

Punjasawadwong Y et coll. Cochrane Database Syst Rev 2007:CD003843



The IN EW ENGILAIN D
JOURINAIL of MEDICINE

ESTABLISMED IN Im1I2 AUGUST 18, 2011 O, Ses NOo. T

Prevention of Intraoperative Awareness in a High-Risk
Surgical Population

Michael S. Avidan, M_B_, B.Ch_, Eric Jacobsohn, M. B_, Ch.B_, David Glick M. D_., M _B.A_ Beth A. Burnside, B.A_,
Lini Zhang M._D_ Alex Villafranca, M_.S_ Leah Karl, B.A_ Saima Kamal M_D_ Brian Torres, BBS.IN_,
Michael O Connor, M.D_, Alex S_ Evers, M.D_, Stephen Gradwohl B.S_, Nan Lin, Ph.D_, Ben ). Palanca, MM_.D_, Ph_.D_,
and George A_. Mashour, M. D_, Ph.D_, for the BAG-RECALL Research Group ™

BACKGROUND
Unintended intraoperative awareness, which occurs when general anesthesia is not
achieved or maintained, affects up to ¥k of patients at high risk for this complicatton.
We tested the hypothesis that a protoco! incorporating the electroencephalogram-
derived bispectral index (BIS) s superior to 2 protocol incorporating standard monitor-
ing of end-tidal anesthetic-agent concentration (ETAC) for the preventton of awareness.

METHODS
We conducred a prospectiv evalnator-blinded ria! at three medical cen-
ters. We random!y asssgned zh risk for aswareness to BEIS-gurded an-
esthesia Gwith an andible alert 1 thonascaleofOtolOO,
thhOmdmgtbemppxm > ] o ag F11 activity and 100 ind>-

== &vrthanmdrblealertnfthem‘m

In addmtion to andrble alerts, the pro-
sts. Superrorty of the EIS protocol was
assasedthh lhetseof‘aone—snded!hd:er’smmst.

RESULTS
A tota! of 7 of 2861 patients (0.24%) 'n the BIS group, as compared with 2 of 2852
(0.079%) in the ETAC group, who were interviewed postoperatvely had definite intra-
operative awareness (a difference of 0.17 percentage pornts; 955% con fidence mterval
CI], —0.02 to 0.38; P=09¢). Thus, the superrority of the EIS protooco! was not demon-
strated. A total of 19 cases of defrnite or possible intraoperative awareness (0.66%)
occurred in the EIS group, as compared with 8 (0.28%) in the ETAC group (a differ-
ence of 038 percentage pornts; 955% CI, 0.02 to 0.74; P=0.99), with the superiority of
the EIS protocol agarn not demon strated. Therewas no difference between the groups
with respect to the amount of anesthes?a administered or the rate of major postop-
erative adverse outcomes.

|'I‘be superrority of the BIS protocol was not establisbﬂ contrary to expectations,
patents group an m group experienced awareness.

(Funded by the Foundation for Anesthesia Educatton and Research and others;
BAG-RECALL Clinica!Trrals.gov number, NCTOOGE2E25))




Ouverture des yeux (min)

(... Continued)
Mean Mean
Study or subgroup Bispactral Index Clinical Sigrs Diflerence Weight Difference
N Mean(SD) N Mean(SD) IVRandom 55% QO V,Random/95%
Neldskyla 2001 32 5@) 30 52 + 67 % QO[-1.00, 1.00]
Paventi 2001 45 3(225) 45 6 (3375) - 65% 300[ 419, -181]
Tufano 2000 40 348 (2139) 40 &68(2139) ' 07% 320 [ -1257, 17 ]
Subtotal (95% CI) 226 247 -> 38.7 % -1.63 [ -2.85,-0.41 ]
Heteropeneity: Tau? = | 94; (hi* = 33191, df = & (P<0.00001), F =82%
Test for overall effect: Z = 2,62 (P = 0.0087)
5 propofolivolatie anaesthetics
Leslie 2006a 547 1057 (95¢) 546 127 (11.4) - 63 % -1.73[-300, 046 ]
Subtotal (95% CI) 547 546 > 6.3 % -1.73 [-3.00,-0.46 |
Heterogensity: not applicable
- . — nmu}
I Total (95% CI) 1208 1238 & 100.0 % -2.14[-2.99,-1.29] I
Heterogeneity: Tau® = 2.54; Chi* = 10470, &f = 18 (P<000001) P =83%
Test for overall effect: Z = 493 (P < 0.00001)

-10 5 0 5 10

Favours trexstment Favours control

Punjasawadwong Y et coll. Cochrane Database Syst Rev 2007:CD003843



Réponse verbale (min)

Subtotal (95% CI) 65 65
Heterogeneity Tau? = 0.0; (hi? = 096, df = 2 (P = 0.62), P =0.0%
Test for overall effect: Z = 5.08 (P < 0.00001)

3 soflurane
Puri 2003 14 185(115) 1&
Wong 2002 29 4 (21) 31
Subtotal (95% CI) 43 47

Heterogeneity Tau? = 249¢ Chi2 = 108, df = | (P = Q0B I =68%
Test for overall effect: Z = 095 (P = 034)

4 sevoflurane
Basar 2003 30 875 (1.8) 30
Bbraheim 2008 15 &B(214) IS
Morimoto 2002 21 3(1) 25
Neiskyta 2001 32 5@) 0
Subtotal (95% CI) 98 100

Heteropeneity Tau® = 2.94; Chi* = 55.75, df = 3 (P<0.00001), ¥ =95%

28 (15)

49 34)

B59 (1.02)
866 (16)
6 (Q03)
5@

-

23.2 %

14%
100%

11.3 %

1%
94 %
4%
107 %

42.6 %

-3.38 [ -4.68, -2.07 |

950 [ -19.00, 0.00 ]
090[-232,052]

-3.86 [ -11.87,4.15 ]

034[-1.08 040]
-1.86 [ 356, 0.16]
300[-243, 257

QO[-1.00, 1.00]

-1.30 [ -3.06, 0.46 |

I Total (95% CI) 381 396

100.0 % -2.73[-3.92,-1.54 ]

Heterogeneity Tau® = 3.17: Chi* = 97.49, df = |1 (P<0.00001); ¥ =89%
Test for overal effect: Z = 450 (P < 0.00001)

Punjasawadwong Y et coll. Cochrane Database Syst Rev 2007:CD003843



Réponse verbale (min)

DM (min) [IC 95 %]

Tous agents confondus -2,73 [3,92 ; -1,54]

Dropofol ‘ -4,88 [-7,57 ; -2,20]
Desflurane -3,38 [-4,68 ; -2,07]
soflurane ‘ -3,86 [-11,87 ; 4,15]
Sévoflurane -1,30 [-3,06; 0,46]

Punjasawadwong Y et coll. Cochrane Database Syst Rev 2007:CD003843



Délai extubation (min)

(... Continued)
Mean Mean
Study or subgroup Bispectral Index Clinical Signs Difference Weight Difference
N Mean(SD) N Mean(SD) IV,Random95% (1 V,Random95% (1
Bartug 2006 24 43 (22) 23 al (4 —— 54% 3B0[ 566 -194]
brahaim 2008 15 926 (201) 15 118 (29) - 55% 254433, 075]
Morimoto 2002 21 5@ 25 9(3) - 595% 400 -545,-255]
Neldskyla 2001 32 2(2) 30 31(2) - 5% -1.00 [ -2.00, 000 ]
Paventi 2001 45 11 (225) 45 6 (328) - &31% 290 406, -174]
Song 1997 15 55 (22) 15 77 (35) —— 51 % 2.20[-429,0.11]
Tufano 2000 40 15 (&68) 40 45 (6.68) R 40% -100[-393, 193]
Subtotal (95% CI) 226 247 - 42.6 % -2.58 [ -3.50,-1.67 ]
Heteropeneity: Tau? = 091; (hi* = |&28, df = 7 (P = Q02), P =57%
et for gueral effects P < 000001
Total (95% CI) 729 759 > 100.0 % -2.87[-3.74,-1.99] I
Heteropenaty: aus = 2ol U =9135, af S tIX 0 ” o
Test for overall effect: Z = £43 (P < 0.00001)

o
wm
[ ]
w
o

Punjasawadwong Y et coll. Cochrane Database Syst Rev 2007:CD003843



Délai orientation (min)

White 2004 20 70) 20 10 (4) —-— 11.0% 300[-519, 081 ]
-

Subtotal (95% CI) 35 35 19.8 % -2.60 [ -4.23,-0.97 )
Heterogensity: Chi2 = 029, df = | (P = 059 2 =0.0%
Test for overall effect: Z = 112 (P = 0.0018)

3 soflurane
Wong 2002 29 95 (31) 15 131 (4) —— 98% 360[-592, -128]
Subtotal (95% CI) 29 15 — 9.8 % -3.60[-5.92,-1.28]
Heteropeneity: not applicable
Test for overall effect: Z = 3104 (P = 0.0023)
4 sevoflurane
Nelskyta 2001 12 6(2) 30 8(2) = 513% -2.00[-300,-1.00]
Paventi 2001 45 6 (538) 45 Il (7.78) e 69 % S.00[ 776 224
Song 1997 15 102 (28) 15 132 (4) B7% 300 [ -547, 053]
Subtotal (95% CI) 92 90 68.9 % -2.43[-3.30,-1.55]

Heterogeneity (hi2 = 424, df = 2 (P = 0.12) I2 =53%

[ Toeat (95% 1) 166 150 . 100.0 % -2.57 [-3.30,-1.85] |

Heterogeneity: Chie = 541, df = 6 (P = 049) I =0.0%
Test for overall effect: Z = 694 (P < 0.00001)
Test for subgroup diflerences: Chi? = 088, df = 3 (P = 83), B =0.0%

Punjasawadwong Y et coll. Cochrane Database Syst Rev 2007:CD003843



Durée SSPI (min)

(... Continued)
Study or subgroup Bispactral Index Cinical Signs DﬂerMer;eacg Weight Dﬁerencem
N Meaan(SD) N Mean(SD) IVRandom 55% O V,Random95% (1
Leslie 2006a 576 7488 (5312) 547 TR29 (54.75) - 946 % 341 [-9.72,290]
Subtotal (95% CI) 576 547 9.6% -3.41[-9.72,2.90)
Heterogeneity: not applicable

. 100.0 % -7.63 [ -12.50, -2.76 | |

terogenesty: [au \
Test for overall effect: Z = 107 (P = 0.0021)

Punjasawadwong Y et coll. Cochrane Database Syst Rev 2007:CD003843



Délai d’aptitude a la rue (min)

(... Continued)
Mean Mean
Study orsubgroup  Bispectral Index Clinical Sigrs Difference Wiight Difference
N Mean(SD) N Mean(SD) V,Random95% (1 IV.Random55% (1
Heteropensity: Tau? = 274023; (hi? = 1008, df = | (P = 0001); P =%0%
Test for overall effect: Z = Q79 (P = 043)
4 sevoflurane
Ahmad 2003 49 203 (78) 43 200 (74) — 153 % 300[-27.25,3325]
Assare 2002 20 56 (36) 20 43 (14) ™ 187 % 1300 [-393,2993]
Nelskyla 2001 29 306 (85) 24 298 (153) 800 [ -6059, 7659 ]
Song 1997 15 148 (59) 15 149 (41) -1.00[ -37.36, 3536 ]
Subtotal (95% CI) 113 107 8.93 [ -4.49,22.35 |
Heterogensity Tau? = 0.0; (hi? = 066, df = 3 (P = 088); P =00%
Total (95% CI) 168 161 — 100.0 % -7.01 [ -30.11, 16.09 ] I
Hetaropensity: Tan = 66724, Chi¢ = 2312, df = 6 (P = QL00076), R =74%
Test for overall effect: Z = Q59 (P = 055)
1 1 1 1

Punjasawadwong Y et coll. Cochrane Database Syst Rev 2007:CD003843



Débit perfusion propofol (mg/kg/h)

Study or subgroup  Bispectral Index Clinical signs Difference Weight Diffierence
N  Mean(SD) N  Mean(SD) VRandom95% O IV,Random95% C1

Anez 2001 20 B04(252) 19 1154 2.28) —=— 3% 390[ 541,239
Chiks 2007 10 29 (2.2) 10 6 (1.93) —— 50% 310[-451,-129]
Gan 1997 15 696 (1.98) 125 804 (1.74) s 12.6 % -1.08 [ -1.55, 041 ]
Krever 2003 40 48 (1) 40 68 (12) - 125 % 2.00[ -2.48,-152 ]
Luginbuhl 2003 0  &03(14) 40  664(09) = 123% Q61 [-1.13,009]
Masuca 2002 20 43(L1) 19 49 (08) - 8% 060[ 120,000 ]
Mayer 2007 n 47 (1.1) 22 588(12) 3% 118 -1.86,-050]
Muralidhar 2008 10 338(0Q%9) 0 507 (@Q7) 108 % 169 [ 244, 094 ]
Struys 2001 10 639(LI13) 10 &48 (1.59) 8% 009 [-1.30, 112 ]
Tufano 2000 40  5BR(12) 40 78QN) 96% -1.92[-2.84,-1.00 ]

Total (95% CI) . 100.0 % -1.44 [-1.95,-0.93] |

terogeneity lau 47
Test for overall effect: Z = 556 (P < 0.00001)

Punjasawadwong Y et coll. Cochrane Database Syst Rev 2007:CD003843



Réduction CAM

Mean Mean
Study or subgroup Bispeaecual Index Cliniczl signs Difference Weight Differaence
N Mean(SD) ~N Mean(SD) VRandom95% 1 'V.Random95% 1
1 desfiurane
Brubn 2005 rd| 055 (Q15) rd 048 (Q.0O8) - 9.2 % Q07 [QO03, 011 ]
Luginbuhl 2003 40 Q47 (Q1) 40 051 (o8) S92 % -0.04 [ -Q08, 000 ]
30 Qé&s (1) 30 o7e (.12) S0 % QI3 [-QI9 007]
DeSﬂ u ra ne IS 038 (Q08) s Q7 (@o7) Sl % 032 [-Q37. 027 ]
20 045 (Q15) 20 Qé (O25) 78 % QI5[ Q28 002]
Subtotal (9592 CI) 176 - 44.3 % -0.11 [ -0.25, 0.03 ]
terogensity: lau™ = OO0 = 29,
Test forowral effect- Z = 159 (P =0.11)
2 sofurane
Wong 2002 29 034 (Q43) 31 046 (.1 7) =T £9 % 012 [ Q29 005]
Subtotal (9592 CI) 29 31 ——r 6.9 % -0.12 [ -0.29, 0.05 ]
Heterogensity: not applicable
Test for overall effect- Z = 1,490 (P = 0.16)
3 sevoflurane
Ahmad 2003 a5 119 (Q149) 48 121 (O48) —-— 75 % Q02 [ -Ql1& 012 ]
Basar 2003 30 oslI (@1i1) 20 o84 (L149) - 89 % 003 [ Q0S, 003 ]
Bortisg 2006 24 o3 @i 23 o422 @11) - 89 % QI0O[-Qls 004]
Neisiyia 2001 32 028 (IL.11) 30 027 (1.61) 13 % Q01 [ Q&8 070 ]
Paventi 2001 45 046 (242) 45 1,12 (2-42) Q7 s V&6 -1.66 034 ]
15 as @i17) 1s Q@I —-— 79 % 0OS0[ Q&2 038]
’
Sevoﬂura ne 40 oa7@In 40 o078 @78) — 031 [-Qss, 007 ]
25 025 (15 25 Q31 2) 0.04 ]

— -0.16 [ -0.29, -0.04

_0.14 [ -0.22, -o.osl

Test foroveral effect- Z = 3 14 (P = 00017)

Punjasawadwong Y et coll. Cochrane Database Syst Rev 2007:CD003843



Consommation fentanyl (pg)

Study or subgroup  Bispectral hdex Clrical Sigrs Dificrence Weight Diference

N  Mean(SD) N  Mean(SD) VRandomg5% CJ IVRandom95% (1

Hachero 2001 20 415 (9555) 20 253 (9555) ‘ 155 % 162.00 [ 10278, 22122 )
Morimoto 2002 21 132 (80) 25 129 (64) — 181 % 300 [-39.43 4543 ]

Recart 2003 0 316(148) 30 373(201) * 113 % 57.00 [ -14632, 32.32 ]

Song 1997 IS 134 (81) 13 146 (78) 2~ ——#T—— 159 % -1200 [ 6891, 4491 ]

White 2004 20 86 (33) 20 80 (30) 09 % 600 [ -1355, 2555 ]

Wong 2002 ¥ 307 (64) 3 310 (95) 4‘: 183 % -300 [ -43.75, 37.75 ]

I Total (95% CI) 135 141 —— 100.0 % 18.02 [ -25.16, 61.20 ] I

Heteropeneity: Tas = 221795 Che = 2867, df = 5 (P = 0.00003), ¥ =83%

Test for overall effect: Z = 082 (P = 041)

Punjasawadwong Y et coll. Cochrane Database Syst Rev 2007:CD003843



Conso. rémifentanil (ug/kg/min)

Mean Mean
Study or subgroup  Bispearral index Clnical sigrs Difference Weight Dfferance
N  Men(SD) N  Men(3D) VFixed 95% O VFored 95% (]

Bruhn 2005 7 022 (005) 71 023(007) i (0% 001 [-Q03,001 ]

Krewer 2005 0 022(005) 40 023 (007) Ut 0% 001 [-004,002 ]

l Total (95% Cl) 111 111 100.0 % _-0.01 [-0.03, 0.01 | I
Heterogeneity: Gt = 0.00,df = | (P = 1.00) 12 =0.0%
Test for overal eflct: 7 = |.22 (P = 022)

Test for subgroup differences: Not appicable

Favours trestment Favours control

Punjasawadwong Y et coll. Cochrane Database Syst Rev 2007:CD003843



Conclusions méta-analyse BIS

N risque mémorisation (sauf si halogénés)

N consommation propofol

N consommation halogénés (sauf desflurane)
A récupération apres anesthésie profonde

Cout : données insuffisantes



E Sacieté Francaise d’'Anesthésie et de Réanimation

Société Francaise d’Anesthésie et de
Réanimation

Recommandations Formalisées d’Experts 2010 :

Monitorage de I'adéquation/ profondeur de I’anesthésie a
partir de I’'analyse de I’EEG cortical

Les moniteurs de profondeur d’anesthésie pourraient permetire de
détecter un sous- ou un surdosage anesthésique (avis d’experts),
notamment lorsque les signes cliniques d’anesthésie sont modifiés par
des traitements comme les curares et possiblement par les comorbidités
ou une instabilité hemodynamique per-opeératoire.

Il n'existe a ce jour pas de données qui permettent d'affirmer avec
certitude le bénéfice du monitorage de profondeur de I'anesthésie sur le
devenir a long terme ou les complications tardives apres une anestheésie

generale.



Situations cliniques (liste non exhaustive) ou les relations entre
doses/concentrations et effets cliniques des meédicaments anesthésiques
peuvent étre modifiées :

e Traitement chronique prolongé par antiépileptiques, morphiniques, BDZ ou
toxicomanie a la cocaine

Consommation quotidienne d’alcool
Utilisation pré-opératoire de b-bloquants
FEVG <30 % oulC < 2 I/min/m2

ATCD de mémorisation explicite

ATCD d'lOT difficile ou 10T difficile prévue;
ASA 4/5

Rétrécissement aortique sévere

Maladies respiratoires graves

Faible tolérance a I'effort

HTAP

Chirurgie cardiaque (avec ou sans CEC)

Césarienne

Patients polytraumatisés avec hypovolémie

Insuffisance hépatique séveére

Traitement par inhibiteurs des protéases

Hypotension artérielle per-opératoire nécessitant un traitement



Impact sur devenir ? Controverse

Hospital Stay and Mortality Are Increased in Patients
Having a “Triple Low” of Low Blood Pressure, Low
Bispectral Index, and Low Minimum Alveolar
Concentration of Volatile Anesthesia

Darel |. Sessler, M.D.," Jeffrey C. Sigl, Ph.D.,T Scott D. Kalley, M.D_, 1 Nassib G. Chamoun, M.S5..§
Paul J. Manberg, Ph.D. || Leif Saager, M.D.,# Andrea Kurz, M.D_,** Scott Greenwald, Ph.D.11

Anesthesiology, V 116 * No 6 1195 June 2012

Cumulative Duration of “Triple Low” State of Low Blood
Pressure, Low Bispectral Index, and Low Minimum
Alveolar Concentration of Volatile Anesthesia Is Not
Associated with Increased Mortality

Miklos D. Kertai, M.D., Ph.D., Wiliam D. White, M.S., M.P.H., Tong J. Gan, M.D., M.H.S., ER.C.A.

Anesthesiology, V 121 « No 1 18 July 2014




Et en pratique ?

Monitorage par I'index bispectral : les
valeurs cibles sont-elles respectées ?

S. Passot '*, F. Heritier ', V. Billard ?,
P. Mavoungou~, J.-F. Payen * F. Sztark>, S. Molliex '

Discussion Nos résultats montrent qu'en pratique clinique,
seulement 50 % du temps d’anesthésie dans des centres pourtant
considérés comme experts, est passé dans la cible théorique de BIS.

Le nombre et la duree des episodes d'anesthesie trop profonde sont
aussi élevés. Cette analyse rétrospective observationnelle ne
mentionne pas les données du patient et la conduite de I'anesthésie
par le praticien. Il existe probablement une grande hétérogénéité
dans l'interprétation des valeurs affichées et des corrections
appliquées comme en témoigne la différence entre les centres. Ces
résultats incitent a réaliser une étude multicentrique colligeant les
données du patient, de I'anesthésie et du BIS pour connaitre les
facteurs a leur origine, optimiser I'utilisation de ce monitorage et la
prise en charge anesthésique des patients.

Annales Francaises d’Anesthésie et de Réanimation 33S (2014) A140-A144




Avenir : boucles fermeées ?

J Clin Monit Comput
DOI 10.1007/510877-013-9453-6
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Automated titration of propofol and remifentanil decreases
the anesthesiologist’s workload during vascular or thoracic
surgery: a randomized prospective study
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Recommandations Formalisées d’Experts 2010 :

Monitorage de I'adéquation/ profondeur de I’anesthésie a
partir de I'analyse de I’EEG cortical

« L’'EEG de surface (cortical) explore|surtout la composante hypnotique|
de l'anesthésie ainsi que I'éventuelle reaction d'eveil cortical lors d’'une
stimulation nociceptive. La performance diagnostique et predictive de
'EEG de surface analysé seul, n'est pas suffisante pour explorer la
complexité de la pharmacologie des medicaments anesthesiques.




Monitorage analgeésie

Balance nociception/antinociception



Pupillométrie

Larson MD et coll. Anesth Analg 2015;120:1242-53



Principe pupillométrie
Para) = Myosis

Pilocarpine augments)
ciLL (hexamethonium b

nicotine augme
GANGLION Adie's syndrogfe)

LOMOTOR
ERVE (uncal herniation

. Lesions produce

Oploids increase activity
via disinhibition (miosis)

NG CILIARY Stress decreases activity via
RVES OPHTHALMIC inhibition (mydriasis)

DILATOR IRIDIS
(Dapiprazole blocks, Phenylephrine augments)
Hexamethonium blocks

CERVICAL
SYMPATHETIC
(] Lesions w\/
-— Horner's syndrome.
> =M yd riase omars ey,

High thoracic epidural

CAROTID

PLEXUS SUPERIOR
CERVICAL
GANGLION

blocks, Amphetamine
augments

Larson MD et coll. Anesth Analg 2015;120:1242-53



Limites

Altérations SNA :
— Médicamenteuses
— Dysautonomie, age avance...

Mesures intermittentes
Stimulation
Acces a la téte

Lésions oculaires



Variations diametre pupillaire

Réflexe de

dilatation

pupillaire
(RDP)

Réflexe

photomoteur ; | ‘

(RPM)

(mm) Diamétre de la pupille (%)
3 S, . ! . :sédiBi
33 O 45 e
""""""" [Eoma]
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Larson MD et coll. Anesth Analg 2015;120:1242-53



Effet stimulation nociceptive

SF g
» 12 patients ASA I-I| ,
+ AIVOC: LRI
 propofol 3 mg/mL 0 ——— f e

Predicted remifentanil concentration (ng mi™")

* remifentanil C, croissantes

B

e}
J

R?=0.68 y=-0.324x+1.46

[+2]
!

e Stimulation tétanique ulnaire

e 100 Hz
* 60mMA S
+ 10s A

Predicted remifentanil concentration (ng mi™")

tetanic stimulation (mm)
N I~
| |

Difference in pupil size following

o

Barvais L et coll. Br J Anaesth 2003;91:347-52



80 patientes (aspiration) | T
AIVOC : —e
—
* propofol 4 mg/mL
* rémi C, croissantes
Stimulation tétanique :
* 100 Hz
* 60 mA ASC = 0,90
° 5 S N

Prédiction mouvement

Guglielminotti J et coll. Anesthesiology 2015;122:985-93

B .

00000000

|||||||||||




Détection DPO immeédiate

100 patients
EVS et RDP en SSPI

Pupillary Dilation Reflex (%)

100- 1004
904 . r——”'
< 80- 80 -
2 70- r=0,88 >
(3] S
@ 60- > 60
S 50 [ = RDP =23 %
) c
= S ; 2 401 EVS>1
£ 30
= - 201 Se=91%
% 1043 i 0 Sp=94%
0 - T T T T ' T
0 1 2 3 2 0 20 40 60 80 100
Verbal Rating Scale 100-S peC|f|C|ty

Aissou M et coll. Anesthesiology 2012;116:1006-12



Détection efficacité ALR

e 24 patients adultes
e Chirurgie distale membre inférieur

 AG + bloc poplité

Tetanic stimulation

20 < >
©
£ .l
= 15
(2]
©
Q
S 10 4
°\°
o
@ 5
£
S -
o
= i -_&_4_%~—%—-?-T_-?”‘{*-%
3 =
o
—5 B 4/¢/ T I T T T ) T T T T T
3 4 5 6 1 8 9 10 1 12 13

Time (second)

Time course of pupil diameter changes induced by tetanic stimulation of blocked (white circles) and non-blocked territories of the popliteal sciatic
nerve (black squares). Pupil diameters [median (IQR)] are expressed as a percentage of baseline values (B).

Isnardon S et coll. Eur J Anaesthesiol 2013;30:429-34.



Détection efficacité ALR pédiatrie

-]
|

e 58 enfants > 2 ans

e AG + AR (rachi ou BNP)

Pupillary diameter (mm)

* PDR apres incision

Migeon A et coll. Paediatr Anaesth 2013;23:1160-5



Idem avec ANI

100
58 enfants > 2 ans $
* AG +AR (rachi ou BNP) ¢
: o
\ . °s . g
* ANI apres incision i ——

Time (min)

Migeon A et coll. Paediatr Anaesth 2013;23:1160-5



Analgesia/Nociception Index (ANI)




Variabilité de la fréquence cardiaque

* Arythmie respiratoire sinusale
* Influence respiration sur intervalle RR
 Reflete la BAN

VFC importante = tonus para} prédominant = analgeésie

0.1

\/-\/J\F\/\ )
o I O

0.1

VFC réduite : tonus Y prédominant = nocice

64 sa

ption

Jeanne M et coll. Conf Proc IEEE Eng Med Biol Soc 2009; 2009: 1840-3



RR series (n.u.)

Principe calcul ANI

0 = Nociception maximale (5)
100 = Analgésie maximale (para})

Logier R et coll. Conf Proc IEEE Eng Med Biol Soc 2010; 2010: 1194-7



Limites ANI

Arythmie

Apnée

Dysfonction SNA

Cardiotropes et vasopresseurs

B-bloquants ?



Détection DPO immeédiate

200 patients ASA |-l

Anesthésie générale
* halogénés / rémifentanil (ORL ou chirurgie plastique)

* propofol / rémifentanil (endoscopie ORL)

ANI et ENS arrivée et départ SSPI

Boselli E et coll. BrJ Anaesth 2013; 111: 453-9



Détection DPO immeédiate

y=77.9-5.2x

100
o R=0.41

90

80 -

70+

60

;
50 —i
:

ANI at arrival in PACU

40 -
30

20 | | | I I | | | | |
o 1 2 3 4 5 6 7 8 9 10

NRS at arrival in PACU

Fig 2 Negative linear relationship between ANI and NRS (linear
regression).

Boselli E et coll. BrJ Anaesth 2013; 111: 453-9



Détection DPO immeédiate

80— P<0.01

75+ E _____________________ i
70~ J

65—

E 60— P<0.01

55—
e NRS<3
50— | [~ o NRS>3
45 I
40 I T
Arrival in PACU End of PACU

Boselli E et coll. BrJ Anaesth 2013; 111: 453-9



Détection DPO immeédiate

< A B
ANI = 57 100 AUC=0.86 100 AUC=0.93
ENS > 3 > 80 > 80
o 2= 60 Z 60
Se =78% g 40 S 40
n %)
_ o 20 20
op = 80% o w8 o T s
VPP = 67% 100-specificity 100-specificity
- QQO C D
VP N 88 A) 100 AUC=0.82 200 AUC=0.91
> 80 > 80—;/1—/7
2 60 2 60
€ 40 £ 401
) I
20 20—;
R A T e
100-specificity 100-specificity

Fig 3 ROC curves. (a) All patients with NRS>3. (s) Propofol-
anaesthetized patients with NRS>3. (c) Halogenated-
anaesthetized patients with NRS>3. () All patients with NRS=>7.

Boselli E et coll. BrJ Anaesth 2013; 111: 453-9



Prédiction DPO immeédiate

200 patients ASA I-11l
ORL ou orhtopédie Ml

Anesthésie générale :

 Desflurane
e Rémifentanil
e + cisatracurium

ANI immédiatement avant extubation

ENS arrivée SSPI

Boselli E et coll. Br J Anaesth 2014;112:715-21



Prédiction DPO immeédiate

100 .
] . . y=68.1-4.2X
NOH . rr=0.33
s . '
80:! . .
70 *

60
30

40

ANI before extubation

30

& W s W
* o0 @

*

20 —l ] l 1 l 1 l 1 l 1 l
0 2 4 6 8 10
NRS at arrival in PACU

Boselli E et coll. Br J Anaesth 2014;112:715-21



Prédiction DPO immeédiate

AUC = 0.89

100}
_ ANI < 50
80 ENS >3
;? 60: Se = 86%
2 - Sp = 86%
$ 40_ P ’

20F

0 I 1 1 1 I 1 1 1 I 1 1 ] I ] 1 1 I 1 1 1 I
0 20 40 60 80 100

100-Specificity

Boselli E et coll. Br J Anaesth 2014;112:715-21



Variations ANI pendant coelioscopie

15 patients adultes
Appendicectomie ou cholécystectomie

AIVT

* propofol (BIS 40-60)
e rémifentanil
e cisatracurium

Jeanne M et coll. J Clin Monit Comput 2012; 26: 289-94



Variations ANI pendant coelioscopie

160 .
140 4 &J

0 SBP

N ll‘§f:$
S I R T .

nostim1 perstiml  perstim2 Hreact nostim?2

50(19)
T
Remi(Ce) 35 (16) 35(15) 35@22) 30(22) 25(1.7)

Propofol 3005) 3005) 30(05) 3305) 22(1.1)
(Ce)

Jeanne M et coll. J Clin Monit Comput 2012; 26: 289-94



Effet stimulation nociceptive

25 patients ASA |-l (18-65 ans)
Chirurgie programmée avec ML

AIVT
* propofol (BIS 30-60)
e remifentanil doses variables

Stimulation tétanique ulnaire (60 mA, 50 Hz, 30 s)

Gruenewald M et coll. Br J Anaesth 2013; 110: 1024-30



Effet stimulation nociceptive

ANI
# 7
[ ll | -
100- - T
= T 1T 0
D
3
z 50-
- 1
5] |
0- RO ng/mL Ran/mL R4 ng/mL
| él. l él. l | él
@ @
Q Q
T QRS on OIS
e Tlmepocnts

*P<0.05 vs. prestimulation value
#P<0.05 vs. lower remifentanil concentration

Gruenewald M et coll. Br J Anaesth 2013; 110: 1024-30



Prédiction réactivité hémodynamique
pendant endoscopie ORL

50 patients ASA I-I

Laryngoscopie en suspension avec AIVT :
* Propofol (BIS 40-60)

e Rémifentanil 2-4 ng/mL
ANI| mesureé :

 TO = avant procédure

e T1=1 min apres début

e T2 = pendant procédure

* T3 =ouverture des yeux

Réactivité hémodynamique : A 20% FC ou PAS

Boselli E et coll. Minerva Anestesiologica 2014;81:288-97



Prédiction réactivité hémodynamique
pendant endoscopie ORL

ASC ROC =0,89
100 |-

’
.
’
.
’

ANI £ 55
HD reactivity

80 |
= ® Se = 88%
2 . Sp = 83%

N
o
1 l 1 | ]

0 n (/l L L l L 1 L l L L 1 l L L L l 1 Ll l
0 20 40 60 80 100

100 - Specificité

Boselli E et coll. Minerva Anestesiologica 2014;81:288-97



Prédiction réactivité hemodynamique
pendant AG

128 patients ASA I-Il

ORL ou chirurgie orthopédique membre inférieur

Anesthésie générale :

e Desflurane
e Rémifentanil
e + cisatracurium

ANI, ANL,_. et AANI 2 TO, T1, T2, T3

Boselli E et coll., SFAR 2014 (résumé R054)



Prédiction réactivité hémodynamique
pendant AG

Comparison of ROC curves (n = 128)

100 ey L.
AANI £-19%
Reactivite HD| | /
Se = 85% 3 ,___: _________
_ oro A AUC=0T77" /
Sp =85% > 60f i 0 T AT
=
."%
S 4o )
— AN
5:," ----- ANI1Tmin
.0 _;, ......... AANI
g *p<0,05 vs. ANI
3 #p<0,05vs. ANI, .
0 l ] ] ] ]
0 20 40 60 80 100

1-Specificity

Boselli E et coll., SFAR 2014 (résumé R054)



Etude comparative ?

British Journd of Anaesthesia Page 1016 Ig A
doi10.1093bjjaeusl 1 [

Postoperative pain after laparoscopic cholecystectomy

is not reduced by intraoperative analgesia guided by
analgesia nociception index (ANI®) monitoring: a randomized
clinical trial

J.A. Szental®, A. Webb, C. Weeraratne, A. Campbell, H. Sivakumar and S. Leong

Peninsula Health, Hastings Road, Frankston, VIC 3199 Australio
* Corresponding author. E-mait: jzentd @gymail.com

Bockground. Loparoscopic cholecystectomy frequently results in significant immediate

Editor’s key points postoperative pain. A new pain monitor, analgesic nodception index (ANI®), based on heart
« Immedicte postoperative rate voriability, has recently been approved for introoperative nodception monitoring. We
painis common after designed a single-blind, porallel-group, randomized control trial to test the hypothesis
laparos copic that protocoldriven introoperative analgesic guided by ANI during loparoscopic
cholecystectomy, often cholecystectomy would improve titration of introoperative analgesics leoding to decreased . ,
repairing rescue postoperative pain. Op|ace
analgesia. Methods. 01e hundred and twenty consecutive odult partidpants ptesentng for elective , .
« Thisstudyused - - o : peropératoire
intraoperative heart rate
variability as a pain - - .
surrogate, to direct putncpu‘ntsreoavedpumoetnnd pueoonl\ fentmylot nductmmdlocdmoesthenc - morphlne
analgesia. to port sites. The primary endpoint was the presence of moderote/severe pain (visuol
« The use of the analgesia analogue scale =50 mm) at any of the four time points in the first postoperative hour.
nodiception index (ANI) to Secondary endpoints included postoperative rescue morphine.
direct introoperative Results. Sixty partid pants were randomized to each group, and all but one drop-out from the
morphine did not improve intervention groupwere analysed. The usoge of ANI guidance did notresult ina decreasein the
postoperative analgesia. rate of moderate/severe pain (50.8% vs 45.0%: differenceof — 5.8%, 95% confidence interval,
« Further dinical 23.7% to 12.1%, P=0.58), or the use of postoperative rescue analgesia.
investigationisrequired to Conclusions. This randomized control trial of introoperctive ANI-guided morphine
establish the role of the odministration in dective loparoscopic cholecystectomy failed to show any advantoge over

ANIin pain manogement. the current stondard of care, and demonstrated a high level of postoperative pain, despite
the use of multimodal analgesia.
Clini col trial registration. ANZC TR Reference ACTRN12612 000953 831 (URL: httpuliwww.anzctr.
org.ou/trial_view.aspxZ1D=362949).
Keywo rds:analgesics, opioi d/ther apeuti cuse; chol ecystectomy, lop aroscopic; heart rate; pain
measurement/methods; pain, postoperative/drug therapy
Accepted for publication: 7 October 2014



Etape suivante : administration
automatisée ?

Syringe pump status ANII ANla pentel pentea

Connected -EIEE 72128 12

Perfuse
Syringe pump Command : (automatic mode)
Remifentanil

A ) W

———
bolus 1 pgiKg ""I . %-:: ‘
bolus +0.075 pg Kg mulated dos
10 25 | w0

bolus +0.0375 pg Kg o oot actiond

Stop Remifentand

Decision help : pass into manual mode

Decision help

Py =

Add Quit

Event:

De Jonckheere J et coll. Conf Proc IEEE Eng Med Biol Soc 2013; 2013: 1952-5



Surgical Pleth Index (SPI)




Principe calcul SPI

j SPI =100- (0,7 x PPGA

norm B 0’33 X HBInorm)
: Pulse wave
: amplitude
(PPGA) .
0 = bas niveau de stress

p- >

Heart beat interval
(HBI)

100 = haut niveau de stress

De Jonckheere J et coll. Yearb Med Inform 2015;10:95-101



Détection DPO immeédiate

100 patients ASA |-l

SPl et NRS en SSPI

SP1 £45 g v

ENS <3

Se=67% o]
Sp =69 % T

| I I
&0 80 100
100% — Specificity%

Thee C et coll. Eur J Anaesthesiol 2015;32:44-8



Etude comparative rémifentanil

e 80 patients chir ORL
* AIVOC propofol : BIS 40-60

e AIVOC rémifentanil :

— controle
— SPI 20-50

* N rémifentanil (ng/kg/h):
— SPI=8,5+3,8
— vs contréle =12,3 £ 5,2 (p<0,05)
* Meilleure stabilité hémodynamique

Chen X et al. Anesthesiology 2010;112:1175-83



Etude comparative sufentanil

94 patients

Sévoflurane : BIS 40-60

Sufentanil :
—controle

— 10 pg si SPI>50
Pas de différence sufentanil / HD
Impact agents anesthésiques sur SPI

Gruenewald M et coll. Br J Anaesth 2014;112:898-905



Skin conductance

12.5 —

(nsiemens)

10.5 -

Conductance cutanée

Nb. fluctuations conductance cutanée (NFSC) : reflet 5

0® o Peaks

0’ o Valleys

Time (secondes)

De Jonckheere J et coll. Yearb Med Inform 2015;10:95-101



Mean NFSC

Détection DPO immeédiate

0.5+
P<0,0001 n=18
0.4 1
0.3-
0.2 1
0.1+
0
no mild moderate severe
Level of pain

Ledowski T et coll. Br J Anaesth 2006;97:862-5



>

RR(ms)

SBP (mmHg)

o)

RR(ms)

SBP (mmHg)

CARDEAN

r 1000

L 800

r 150

L 110

r 1000

L 800

r 150

L 110

CARDEAN

Cardiovascular depth of analgesia

Nociceptive stimulus

X

Nociceptive stimulus

T1

T1

T1

AreaRR

<«——— Baroréflexe normal
CARDEAN =0
(analgésie)

Area SBP

~N

T1

\//\Q— Inhibition baroréflexe

CARDEAN =100
l (nociception)

De Jonckheere J et coll. Yearb Med Inform 2015;10:95-101



Journal of Clinical Monitoring and Computing (2007) 21:91-101
DOI: 10.1007/510877-006-9061-9

BEAT-BY-BEAT CARDIOVASCULAR INDEX TO
PREDICT UNEXPECTED INTRAOPERATIVE
MOVEMENT IN ANESTHETIZED UNPARALYZED
PATIENTS: A RETROSPECTIVE ANALYSIS

A. Cividjian, MEng, PhD”, J. Y. Martinez, MD, MSc',
E. Combourien, MD', P. Precloux, MD', A. M. Beraud,

MD' Y. Rochette, MD', M. Cler, MD', L. Bourdon,
MD, PhD?, J. Escarment, MD" and L. Quintin, MD,
phD*

CARDEAN

J Clin Monit Comput (2012) 26:441-449
DOI 10.1007/s10877-012-9372-y

A beat-by-beat, on-line, cardiovascular index, CARDEAN,
to assess circulatory responses to surgery: a randomized clinical
trial during spine surgery

M. Rossi + A. Cividjian + M. C. Fevre + M. E. Oddoux -
J. Carcey - C. Halle - M. Frost + M. Gardellin -
J. F. Payen -« L. Quintin

A Beat-by-Beat Cardiovascular Index, CARDEAN: A
Prospective Randomized Assessment of Its Utility for
the Reduction of Movement During Colonoscopy

Jean Yves Martinez, MD, MSc,* Pierre Frangois Wey, MD,* Christophe Lions, MD,*
Andrei Cwidjian, MEng, PhD,# Muriel Rabilloud, MD, PhD,$§ Alvine Bissery, MSc,$§
Lionel Bourdon, MD, PhD J| Marc Puidupin, MD,* Jacques Escarment, MD,* and

Luc Quintin, MD, PhDY

ANESTHESIA & ANALGESIA
March 2010 « Voluma 110 « Number 3



NolL

(Nociception Level)

* |Index composite :

A Bispectral index B Heart rate
100+ 100+ * #
_ FC 80- —_ o
— VFC je -
— p I et h 201 *
— CO n d u Ct a n Ce ° noh)l(?onus Incision Intubation “ noh:ci)onu . Incision Intubation
event event
] 7 2 p a ti e n t S (o o Mean artelr'lilI pressurell&I D . Nocicepfi;/e level »
|
- ASA I‘”I :awo- H 40-
£ 807 _ ” 307
— propofol § H 2 x H
— rémifentanil o
Non Incision Intubation Non Incision Intubation

noxious noxious

* Nol avant/apres

O Before stimulation @ After stimulation

Martini CH et coll. Anesthesiology 2015;123:524-34



Monitorage de I'anesthésie

CORTICAL=

Conscious processes
Cognitive i EEG

Explicitmemory Y KN = U > response

............ -

»Pupil
»Pupillary dilatation

»Cardio-vascular
» Skin conductance
» Surgical pleth
index
»Analgesia-
nociception index

Movement
I (MAC)

Constant | et coll. Paediatr Anaesth 2015;25:73-82




Conclusion

Monitorage anesthésie | Monitorage narcose Monitorage analgésie

Pas de moniteur BIS (£ entropie) Nombreux moniteurs
universe| Données solides Balance
Analyse EEG : reflet Gain sympathovagale
essentiellement essentiellement Limites a connaitre
cortical pour AIVT propofol  ©OU a déterminer
Distingu?r.narcose Gain clinique : Probablement plus
et analgesie quelgues minutes utiles avec opiacés
Boucles ? : pleles

Devenir ? (rémifentanil)

Etudes comparatives



