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Introduction

Some Pain-related concepts

“pain can be defined as an unpleasant sensory and
emotional experience associated with actual or potential
tissue damage, or described in terms of such damage”
International Association for the Study of Pain




INTRODUCTION:
General Anaesthesia Triade

Muscle Paralysis

Hypnosis
- #Blood Pressure Movement
Electroencep

Tears Electromiogram

Sweat

General Anaesthesia




INTRODUCTION:
General Anaesthesia Triade

Awareness and Pain



INTRODUCTION:

General Anaesthesia Triade

Michael Jackson Trial

Monitor and Titrate



INTRODUCTION:

Sensing and Pain

Fiber Type Function Fiber Conduction Spike Absolute
Diameter Velocity Duration Refractory
(pm) (m/s) (ms) Period
A 0.4-0.5 0.4-1
o Proprioception: 12-20 TO-120
=ommatic motor
5 Touch, pressnre, a-12 A0-70
motor
¥ Muotor to muscle 3-0 15-30
spindles
i) Pain, cold, touch 25 12-30
B Preganglionic <3 315 1.2 1.2
antonomic
C
Dors=al root Pain, temperature, n.4-1.2 0.5-2 2 2
S0111e
mechanoreception,
reflex responses
Svinpathetic Postganglionic .3-1.3 0.7-2.3 2 2

svinpat hetic




INTRODUCTION:

Pain Induction

Experimental Methods of Pain Induction
Cutaneous Muscular Visceral
J. A : .'.




INTRODUCTION:

Pain Assessment
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R. Melzack and W. S. Torgerson. On the language of pain. Anesthesiology, 34(1): 50-59, 1971.
F. Varoli and V. Pedrazzi. Adapted version of the McGill pain questionnaire to brazilian portuguese. Brazilian Dental Journal,
17(4):328-335, 2006.



INTRODUCTION:

Anaesthetic Drugs

Infusion Rate 1
r(ml/h)
[[ST— , «!E” l _ PK
Compartment 3 :k : :Compartment 1 Compartment 3 Model
V:_; : ﬁ V1 ﬁk = V3
—_ myt) Ky =k = ko Ay ko 0 mylr) |
™ - mylt) ko ~kgy ) 0 myll) 0
J [ k Cp(t) Plasma - [,,,,:,\] - [ Bie 0 kg 0 ] (””:“‘ . [ ’.-ru
V *’| | concentration Celt) " lelont e
Compartment e | PD
Effect (Ce) Model
0 Ce(t) _|
Effect-site =
Concentration
. Cealn) o Ceglt)
Hill VA= Feam U= e,
E |:] __ Cet) } Ew Equation fit) = ﬁ
0 . 4 age {
Ce(ty +ECS Effect - - (U3 (2) + Ua(t) [Usaa(t))
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C. F. Minto, T. W. Schnider, T. G. Short, K. M. Gregg, A. Gentilini, and S. L.Shafer. Response surface model for anesthetic drug interactions.
Anesthesiology, 92(6):980-1002, 2000.



INTRODUCTION:

State of the Art

Cardiovascular,
EMG and EEG
Derived Indexes

Evoked Responses

Facial
Electromyography

Objective
Nociception
Measurement

Pupil Diameter



INTRODUCTION:

Nociception / Anti-Nociception Indicators

: : Insufficient Analgesia:

Increase analgesic dose.

Adequate Analgesia: Maintain

0 analgesic dose
Excessive Analgesia:
Decrease analgesic dose. . . Noxious
Hypnotic Analgesic .
Stimulus
System
PATIENT

l

Mociception /Anti-Nociception
Balance Index



Nociception Studies

Collecting and Preparing the data




Nociception Studies in Anesthesia

MNoxious
Stimulus

4

System
PATIENT +

l Intrapatient Variability

Mociception fAnti-Mociception
Balance Index

Hypnotic Analgesic

Interpatient Variability

@ Design adequate clinical protocol
@ Inclusion criteria
@ Data to collect

@ Submit to the institution’s Ethics Committee
@ Written informed consent



Nociception Studies in Anesthesia

: . MNaxious
Hypnotic Analgesic Stimulus
l l l Interpatient Variability
System
PATIENT +

Intrapatient Variability

l

Mociception fAnti-Mociception
Balance Index

@ Passive nociception assessment
@ Active nociception assessment



Clinical Protocol Design

Study Groups
Remifentanil Remifentanil Remifentanil
Effect-Site Concentration Effect-Site Concentration Effect-Site Concentration
2.0ng/ml 3.0ng/ml 4.0ng/ml
@ Phasel @ Phaselll

@ Response to precise noxious @  Response of physiological

stimuli: variables to different
@  laringoscopy/intubation; combinations of stimulus

@ tetanic stimulus; intensity and drug doses:

@ incision. @  Remifentanil .
ascending/descending steps.



Clinical Protocol Design

Clinical Protocol
Design

Main Researcher
and Responsible
Researcher

Authorizations:
Dir. of the Anesthesiology Service
Dir. of the Operating Room

Dir. of the Anesthesiology,
Emergency and Intensive Care
Department

President of the Administration
Council

Submission for
appreciation by the
Research Coordination
Office
(Department of
Education, Training
and Research - DEFI)
Authorization:
DEFI Director

Submission for

appreciation by the
Ethics Committe Research Study

(CES) Start

Authorization: Data Collection

CES President




DATA COLLECTION AND PRE-PROCESSING:

Clinical Setup

A — BIS Monitor; B — Orchstra pumps C — Datex monitor; D — Ruglop Il Waves



DATA COLLECTION AND PRE-PROCESSING:
Data Overview

Datex

BIS Bilateral and CVI TCT Data
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Number of Channels

Unit

Sampling Rate (Hz)

EEG
ECG
PP
mp

02

| (eegl), cegl, éeg, cegld)
1 (veg)

1 (pleth)

1 (invp)

l lu'n'_’l

nun g

(V4
I

128
Nl
100
100

"

1. T
2. ECG Henrt Rat
(Beats win™ )

3. BP Svarolic (mumHg

L. B Dinstohe jmmHg)

o B Mean (nmllg

G. BP Hearr Ran

(heats win ™!

7. Non-luvasive BP

Svatolic (munbg)

N, Now-Iuvasive BP
Diestalic (o)

0. Now-Imvasive BEP Mean

10 Termperatune (907

11 SPO2 (A

12, SPO2 Paldwe Rans
(beats win~™1)

13 CO2 Ee (!

14 CO2LF (%)
15 CO2 Resphration

Rati (eveles min=1)

16, Supprossion Rate T () Infus=eed Vohuno ()

1T Spevtral Edig Homifentanil Cp
Frogueney T (Hz) g ml)
IS, BIS L Romufentanil Ce
2 ml)
19, Total Power L (dB) Roemfentaml €t
(g, wl)
20, EMG L («B) 1L Infusion Rt
tml )
20 SQL L (A 12, o] Vol (aul)
22, ASYM (rw) i Propotol Cp
(s ‘'ml)
25.SDBIS L L Propofol Ce (g wl)

20 SP EMG L . Propofol O (g wl)
25, CV11 6. Infusdon Rt
(ml h)
26, hpedanee L (92 17. SPO2 Amplitad
(%)

27 Supression Rate (A

28, Spectral Edg
Frogqueney R OHz)

20 DIS |

30 Towd Power R (dB)

31 EMG R (1B)

32 SQILR (%)
JLSDBISR

3. SDEMG R
B.OVIR

36, Impedance R ()




DATA COLLECTION AND PRE-PROCESSING:

Waves Pre-Processing
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Stimulus Intensity Analysis

Collecting and Preparing the data




STIMULUS INTENSITY ANALYSIS:

Stimulus Intensity Estimation

Hypnotic h (known)

Outer
Patient Interferences
Analgesic a (known)
System
h a s Triggered Nociception/
fth, a,

Stimulus s (estimated) Anti-Nociception Responses f




STIMULUS INTENSITY ANALYSIS:

Methods

@ A total of 35 stimuli have been evaluated

@ Target: Sociedade Portuguesa de Anestesia (SPA) and
Anaesthesiologists from Centro Hospitalar do Porto

. exrp Zj:(,[ﬁn — ((51 + Tk)]
l 2 kg €T Z;‘::o[ﬁn — (0 +7)]

where 79 = 0 so that Zf:()[*‘jﬂ — (6 +m)] =1

Rasch Model

=510

G. Rasch. Probabilistic Models for Some Intelligence and Attainment Tests. Danish Institute for Educational Research, Copenhagen, 1960.
Expanded edition, Chicago: Mesa Press, 1992.
J. M. Linacre. Many-facet Rasch measurement. Mesa Press, Chicago, 2nd edition, 1994.



STIMULUS INTENSITY ANALYSIS:

Results and Discussion
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Data Analysis

Passive Nociception Measures




DATA ANALYSIS:
Introduction

@ Study physiological responses to precise noxious stimuli
@ Phasel

HR, SBP, PPGA, ANSSI, BIS, EMG

and EMG SD

@ Analyze maintenance phase of general anaesthesia, and
the impact of different anaesthetic drugs’ combinations
@ Phasell

@ Steady-State Detection
@ Physiological Modelling



DATA ANALYSIS:

Phase Il. Maintenance Analysis — Steady-State Detection

T, =0w,, T,=3Mow,. T,=oww,

T\ =3\w, Th=uw

SS index is defined according to the following rules:

[We(p)| and |We(p2)| 2 Th
sign(Wy(py)).sign(Wy(p)) <0, pp—=p <ty o if |Wef(t)| > T, then B(t) = 0. where T, is the idemtification WT modulus

threshold for unsteady statns:

ll‘.f('u)l and l“.f('b)l > »1.-)
[Wg(ta =1)| and |We(ty +1)| < T2 o il [Wsf(t = At)| < T, then 3(t) = 1. where Ty is the identification WT modulus

threshold for steady statns, and At a long cnongh time interval to identify SS:

ADNOC 3 oS Pete 0 Z e to detect zero-crossing points, the second order WT is used. If |Wsf(t)| < T,
- Gyt P -
bt and [WWsf(t)| < T, then 8(t) = 1 where T, is the sccond-order WT modulus

il
threshold to idemtify zero crossing point in the WT.

- > B(t) = £[0(t)]

n:'l,

| (t) = [Wsf(t)| +~ [WWsf(t)|
Low Fr 0 WWsf| <Ts
Compoy y={ (IWWsf|=To)/2T. |WWsf| € [T, 3Tl
N . 1 \WWsf| > 3T
where @;; and ¥

0 oty >T,
T— x
B(t)= ¢ &[o(t)] T, <o(t) <T,
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Tl te dey \(.r)—é- CO8 _T.,—T,Tr)+

S. Mallat and S. Zhong. Characterization of signals from mult
Processing, 14(7):710-732, 1992.

T. Jiang, B. Chen, X. He, and P. Stuart. Application of steady-state detection method based on wavelet transform. Computers and Chemical
Engineering, 27 (4):569-578, 2003.




DATA ANALYSIS:

Phase Il. Maintenance Analysis — Steady-State Detection

n
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DATA ANALYSIS:

Phase Il. Maintenance Analysis — Steady-State Detection

Time Percentage in SS (N—31)
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DATA ANALYSIS:

IVIonitoring System — Homeostasis Index and Perceived Stimulus Estimator

X R Co thgiomy 3

X Prap Ce iapintr 3.5

o
-

2

:
i
Z
@ "we
3
[

o

M (et )
S8 38

X507 irrwigi 133

SEF (revk )
=

.
.
S

Tirwe (v
st Sewcmn -

9 B8 EN0 MR S82 WGA esple

o

WA, G0° PPGA, Frsple
LUS-L L L)

"

Porcened Stunules
Catanates

-0.41

il X Respfiale (cycleavmes 12

o
-

Respliste (cychann)  PPGA S
# 8 e

o




Evoked Potentials

Active Nociception Measures




EVOKED POTENTIALS:

Introduction

The nociceptive signal is transmitted over small diameter A-6 and C-fibers in the dorsal
horn, via the dorsal root ganglion.

Second order neurons relay the signal to the thalamus via the spinothalamic tra

Third order neurons project from the thalamus to the primary sensor cortex
conscious perception of pain occurs.

primary sensory area
® econdary motor

primary motor area
N )4, g and sensory area

anterior speech area

(Broca's area) : . posterior speech area

/ (Wernicke's area)
S N
V)

|

secondary
visual area

primary auditory area \ e /

primary visual area
secondary auditory area

@ 2007 Encyclopaedia Britannica, Inc.

C. Thornton and R. M. Sharpe. Evoked responses in anaesthesia. British Journal of Anaesthesia, 81(5):771781, 1998.
A. Kumar, A. Bhattacharya, and N. Makhija. Evoked potential monitoring in anaesthesia and analgesia. Anaesthesia, 55(3):225241, 2000.



EVOKED POTENTIALS:

Introduction
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EVOKED POTENTIALS:
Clinical Protocol Design

Painful Threshold (PT)

. . Remifentanil and Propofol and
Remifentanil Only . » .
Propofol Remifentanil
Propofol Remifentanil|  Propofol Remifentanil|  Propofol Remifentanil
Ce (pg/ml) | Ce(ng/ml) | Ce (pg/ml) | Ce (ng/ml) | Ce (pg/ml) | Ce (ng/ml)
0 0 0 1 1.2 1
0 1 1.2 1 1.2 2
0 2 2 1 1.2 2.5
0 2.5 2.5 1 1.2 3
Remifentanil 0.5ng,/ml Propofol 0.5 pg/ml Remifentanil 0.5 ng /ml
mereasing steps Inereasing steps lnereasing steps

STOP increasing drugs’ concentrations when BP or HR decrease below 20%
baseline values, by clinical indication, or on OAAS—2 (loss of response to verbal

command )




EVOKED POTENTIALS:
Results and Discussion
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EVOKED POTENTIALS:

Results and Discussion
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EVOKED POTENTIALS:
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On Nociception Control

Thinking beyond the measurements

e




ON NOCICEPTION CONTROL.:

General Anaesthesia Triad Control

l Monitoring:-l
HR
- - - - - BP '< lllllllllll q.
[ | PPGA.. |
' e '
| |
l ‘ ’
| l
: |
l l
I n
: l
nll
Monitoring: Monitoring:
| Wontoring: | onttoring:
| EMG N pep—— »' EEG |

I
L Movement | EP

— — — — e — i —



ON NOCICEPTION CONTROL.:

A Parallel Problem to Nociception Control

@ Hypnosis Control
@ Validated consciousness monitors
@ Pharmacodynamic models
@ Fast acting/excreted hypnotic drug

my(t) —kyg —kyg —ky ko kay 0 my(t) 1

mia(t) | _ ko —kay 0 0 mo(t) 0l
"‘l;;(!) - A’lg 0 —kg[ 0 l";;(f) * 0 I(f)
Ce(t) - 0 0 —kao Ce(t) 0

E(t) = Ey [l —L]

f State Entr
Ce(t)y + ECY, tate Entropy

Hill Equation Average  Standard-Deviation
,',». N6.89 1.5

ECy (pg/ml) 1.9 1.5

Ph_i}n_um-rml_:\v'}rmmit‘i (Elerkmann et al)

k.o (min~t) 048 147

R. K. Ellerkmann, M. Soehle, T. M. Alves, V. M. Liermann, I. Wenningmann, H. Roepcke, S. Kreuer, A. Hoeft, and J. Bruhn. Spectral entropy and
bispectral index as measures of the electroencephalographic eects of propofol. Anesthesia and Analgesia, 102(5):1456-1462, 2006.



ON NOCICEPTION CONTROL.:

Nociception Control

Drug

- Noc/ANoc

Balance
PK Model PD Model Ce to Effect

Keo = Model Structure 'Noc/ANoc
= Parameter Estimation Ce-> Effect ! Index
(estimated deviations) = Parameters Estimation ]

(estimated deviations)

S i



Conclusions




CONCLUSIONS

Conclusions

@ Why is nociception monitoring important?
@ Patient wellbeing

Unable to communicate patients

Post-operative persistent/chronic pain

Long-term effects of anesthetics

Titrate the anesthesia triad

Automatic control of anesthesia

e © © © ¢
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Thank you

Ana Castro
ana.castro@dcc.fc.up.pt

"Can I do the procedure without putting you
under? Sure, if you're one of those people who
doesn't mind extreme pain and the
sight of blood."




