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Evolution towards a multimodal individualized anaesthesia ?

Did outcome improve?

A Past: one drug having all anaesthetic effects (relaxation, hypnosis, and reflex depression) ex:
I Inhalation only
I High dose opioids only. (Never ideal: the dose for each effect was not equal)
A Balanced anaesthesia: one drug for each effect
I Hypnotic by inhalation at 1 MAC, relaxant to achieve TOF 0 and reflex depression by an opioid (no
sympathetic reactions)
A Multimodal or multitarget: more than one drug for one effect (analgesia)
I Started for post op analgesia: combination of paracetamol, NSAID and opioids
I Today also for stress during anaesthesia. Not valuable for NMB and hypnosis.
A Individualized: every patient is different i just enough to do the job i
I Only possible when monitoring the effect possible?
I NMB: NMT monitoring
I Hypnosis: BIS monitoring
I Symp stress: past only hemodynamic monitoring, now ANI i NOL monitoring
I Inflam stress: CRP ? Endocrino stress: Glyc ? Coagulatory stress: ? f“f,ﬁf :N“;,‘X.‘Q:’"é;‘;"nv‘;f’e"’:‘;if;;’.”;ﬁ3‘{;5‘;’;;35;;;?‘39‘2

CRP: chronic reactive protein,

2024 Mulier 3



Personali sed or precision anest heywi

monitoring each effect and adapting the dose: it allows to reduce the dose in many patients.

Medicine in the past ; PR R |
A One dose fits all based on average. ‘We. reduged
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Medlcmetoday
A Personalised prediction model based on age,
wei ght, sex, genetics
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Medicine in the future
A Measure effect in each person and adapt till

effect is reached: just enough to do the job. Time fOI’ personalised anaesthesia

ARy B Mt‘: W A Monitor each person beat to beat

A Depth of hypnosis

A Depth of muscle relaxation

A Depth of sympathetic depression
2024 Mulier A Depth of metabolic suppression s
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Definition of multimodal anaesthesia

A Multi modes = more than 2 different modes combined to give anesthesia.

What is an anaesthesia mode? inhalation mode 1; iv mode 2; loco regional mode 3 ??

Combining modes(iv induction and inhalation maintenance) IS sometimes described also as balanced
anesthesia

but again is historical incorrect!

A Balancedanesthesiais first described by John Lundy in 1939 and means a combination of iv barbiturates and
locoregional. (Lundy 1939) later iv and inhalation (Lundy 1942)

A Balancedanesthesiais better described later in detail by C Gray as using one drug for each effect (hypnotic for
hypnosis, relaxant to relax muscles and analgetic for analgesia.)

A This triad of anesthesiabecame the standard description...
Today we mean with multimodal a combination of different drugs working on different targets
to achieve the same effect. Ex paracetamol, NSAID, opioids... all analgetics with different receptors.

A Multi target anaesthesia would be the best name with this definition but not used yet...

2024 Mulier NSAID: non steroidal anti inflammatory drugs;



J. Balanced anesthesia. Minn Med 1926: 9: 399 404.

and argued successfully in favor of simultanes
agents, each at its optimal car=~
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John S. Lundy, Mayo Cli ic_:__s‘\m\’\"?:\\pare
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hexobarbitone &
other barbiturates

, The anzsthetic triangle
thiopentone

M. YOUNG, MB, FFARCS

Registrar, Department of Anesthesia
1 9 5 7 St Bartholomew’s Hospital, EC1

N trlchforethylcne

divinyl ether & ethyl chiomde

nitrous oxide O;yclc)propane

The concept that anasthesia has three components, narcosis,
analgesia, and relaxation, accords well with modern ‘gas and paralysis’

O ether chloroform techniques. Besides being a useful skeleton for the undergraduate to

. S clothe with titbits of practical information gleaned in the theatre, it

pethidine & il : .. is a logical teaching approach now that students see such techniques
morphine e t S~ used extensively and are required to handle them rather than the
-7 : "\.\ simpler sequences, e.g. nitrous oxide—oxyges=¢ther. It has been given

-~ ! e - nceal and may usefully

/A‘ i %‘-..\ plan view (FIG. 1) the

1ol block spinal blocks oL triangle, The position

0ca’ blocks o curare bws the proportional

T. Ceclil Gray, Liverpool

1950 METHYL-N-PROPYL ETHER
By G. J. Regs and T. CeCIL GRaY

ch not the absolute
are (using the word
agents) is a pure
ropertles N1trous oxide

CONCLUSIONS

There appears to be only one outstanding
valuable property exhibited by methyl-n-pr
opposed to the di-ethyl homologue. That is the
state of analgesia which it produces in low co
This property could not be utilized to produce
conscious patients because the odour makes the drug unac- Certain situations call for respiratory depression, e.g. ‘gas and
ceptable to them. It might, however, give the drug a certain paralysis’ for upper abdominal surgery, but in others e.g. insufflation
value in a balanced anzsthetic when a relaxant is used to by the Boyle-Davis gag for tonsillectomy, respiratory stimulation is
complete the triad of relaxation, narcosis and analgesia. 473

laxation. An anasthetic is not complete until all three components
have been added when the resulting complex will occupy approx-
imately the centre of the triangle. From a study of the positions of the
drugs various possible combinations can be deduced. Side effects
cannot be indicated and these positions are oversimplifications, but
this is no fault in teaching.

In elevation three planes are indicated (F1G. 2).



. ARTICLES [sEPT. 7, 1957

INADEQUACY OF GENERAL ANASTHESIA

"FOR ABDOMINAL OPERATIONS
A POSSIBLE SOLUTION

- 1957 R. E. LoDpER

M.A., M.B. Camb., F.F.A. R.C.8.

CONSULTANT ANEASTHETIST, PETERBOROUGH MEMORIAL
HOSPITAL, NORTITANTS

TaE aim of general ansesthesia in major abdomingl
surgery is to produce an unconscious patient who wil —— .
sustain no shock from the operation and no ha» -\\(\\,\\'e‘
the ansesthetic agent. All surgeons ot W S )
recognise the importance of adegp= = 6\‘(\3\\

prever qe
very ol\ \\© 20

general depression of the patient will both be avoided
Unfortunately, although this ideal has been realised in
many types of operations, it has not been achieved in s P
major abdominal surgery. _ e — et 1




In 1959 Cecil Gray lectured at the inaugural meeting of the
Faculty of Anaesthesiologists in Ireland

A REASSESSMENT OF THE SIGNS AND LEVELS OF
ANAESTHESIA.

1960 By CeciL Gravy, M.D., F.F.A.R.C.S.

Department of Anaesthesia, University o

(mmich the anaesthetist may
more particularly, regarding
' SE On the other hand, it has
come to be appreciated that “ depth of anaesthesia ” is a term of varying

significance and it is now generally agreed that, if the depth of anaes-
thesia is regarded as being synonymous with the depth of narcosis, then
only the lightest degree of unrousable sleep is required.

identify the level o

Naycosis

Relaxalion

Reflex Dcyrcsion



o 1. Lundy J. Balanced anesthesia.Minn Med 1926; 9: 3991 404. 1. harcosis
- i Balanced anesthesia is like a balanced food diet: combining various anesthetics agents, each
‘ at optimal capacity, ovoiding overdose with one agent.
‘ 2. Gray C. Methyl n Propyl ether. Br J Anesth: 1950; 83 - 91 8
_Vl"a i éwhen a relaxant is used to complete the trug/ 77 i
—— 3. Gray C. A Reassessment of the signs and levels of anaesthesialr J med science 1960; LR T
P( 4991 508 3.relaxaton " 2. analgesia
. I Change word analgesia for reflex depression in his triangle. . Nercosts
4. KehletH. The value of fAmulti modal anal gesi al .

treatment. Anesth Analg 1993; 77: 1048-56 ® .
I Part of ERAS principles to improve quality of recovery. ERAS SOCIety
5. Dekock M. Thé association of Clonidine with an opioid is a major step toward the s e hrsson
Ni deal opi oiPldDthestssim®d5gesi ao
i Multimodal anesthesiawithout opioids in 2009 with high dose clonidine Hypnosis
""" Mulier J. A Prospective Randomized Controlled Trial Comparing a Multitarget Opioid
Free Anaesthesia versus opioid general Anesthesial Clin Anesth Pain Med 2018; 2:23
Combination of dexmedetomidine, lidocaine, ketamine and magnesium avoids opioids for Metabolic

most surgical procedures. (since 2011)

Opioid Free Anesthesia

9 I A Relaxation Sympathetic

2024 Mulier Opioid free Analgesia Immunologic (inflammatioryo
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Multimodal Perioperative Management—Combining Thoracic
Epidural Analgesia, Forced Mobilization, and Oral
Nutrition—Reduces Hormonal and Metabolic Stress and
Improves Convalescence After Major Urologic Surgery

Multimodal
Includes in this study also
other approaches like
mobilization and oral feeding,

Gerhard Brodner, MD, PhD*, Hugo Van Aken, MD, PhD*, Lothar Hertle, MD, PhDt,
Manfred Fobker, phD}, Arnold Von Eckardstein, MD, PhDt, Christiane Goeters, MD*,
Hartmut Buerkle, MD, PhD*, Anne Harks, MD*, and Henrik Kehlet, MD, PhD§

*Klinik und Poliklinik fiir Anédsthesiologie und Operative Intensivmedizin, tKlinik und Poliklinik fiir Urologie, and
fInstitut fiir Klinische Chemie und Laboratoriumsmedizin, Westfdlische Wilhelms-Universitidt Miinster, Miinster,
Germany; and §Department of Surgical Gastroenterology, Hvidovre University Hospital, Hvidovre,

Copenhagen, Denmark named therefore

We sought in this prospective study to use a multimo-
dal approach to reduce stress and improve recovery in
patients undergoing major surgery. During an initial
study period, 30 patients were randomly allocated to
receive general anesthesia (GA; Group 1) or a combina-
tion of GA and intraoperative thoracic epidural analge-
sia (TEA; Group 2) when undergoing radical cystec-
tomy. Parenteral nutrition was provided for 5 days after
surgery. During the second period, 15 patients were
treated with a multimodal approach (Group 3) consist-
ing of intraoperative GA and TEA, postoperative
patient-controlled TEA, early oral nutrition, and en-
forced mobilization. Data for plasma and urine cat-
echolamines, plasma cortisol, the nitrogen balance, the
postoperative inflammatory nutrition index, pain re-
lief, fatigue, sleep, overnight recovery, recovery of
bowel function, and mobilization were recorded up to

the fifth postoperative day. Plasma concentrations of
catecholamines and cortisol were comparable in all pa-
tients, but those in Group 3 had lower levels of urinary
catecholamine excretion. Protein intake was more effec-
tive with parenteral nutrition. Nitrogen balances were
less negative, and the postoperative inflammatory nu-
trition index score increased significantly in the tradi-
tional groups but not in Group 3. Multimodally treated
patients reported less fatigue and better overnight re-
covery. Along with improved pain relief, recovery of
bowel function, and ambulation, there were no differ-
ences in the postoperative complication rates among
the three groups. The multimodal approach reduced
stress and improved metabolism and recovery] after
radical cystectomy.

(Anesth Analg 2001;92:1594-1600)

multimodal approach
or
multimodal management
Instead of
multimodal analgesia



General Articles

Section Editor: Thomas R. Vetter

== SPECIAL ARTICLE
Multimodal General Anesthesia: Theory and Practice

Emery N. Brown, MD, PhD,*+4§Il Kara J. Pavone, BS, BSN, RN,* and Marusa Naranjo, MDY

Balanced general anesthesia, the most common management strategy used in anesthesia care, .

entails the administration of different drugs together to create the anesthetic state. Anesthesiologists Multimodal
developed this approach to avoid sole reliance on ether for general anesthesia maintenance. Balanced
general anesthesia uses less of each drug than if the drug were administered alone, thereby increas- means by Brown

ing the likelihood of its desired effects and reducing the likelihood of its side effects. To manage noci- administration of different
ception intraoperatively and pain postoperatively, the current practice of balanced general anesthesia
relies almost exclusively on opioids. While opioids are the most effective antinociceptive agents, drugS together,

they have undesirable side effects. Moreover, overreliance on opioids has contributed to the opioid

epidemic in the United States. Spurred by concern of opioid overuse, balanced general anesthesia

strategies are now using more agents to create the anesthetic state. Under these approaches, called More agents at smaller dose
“multimodal general anesthesia,” the additional drugs may include agents with specific central ner- . . .
vous system targets such as dexmedetomidine and ones with less specific targets, such as magne- maximises desired effects while
sium. It is postulated that use of more agents at smaller doses further maximizes desired effects inirii i

while minimizing side effects. Although this approach appears to maximize the benefitto-side effect mlnlmlzmg side effects
ratio, no rational strategy has been provided for choosing the drug combinations. Nociception induced

by surgery is the primary reason for placing a patient in a state of general anesthesia. Hence, any

rational strategy should focus on nociception control intraoperatively and pain control postoperatively.

In this Special Article, we review the anatomy and physiology of the nociceptive and arousal circuits,

and the mechanisms through which commonly used anesthetics and anesthetic adjuncts act in these

systems. We propose a rational strategy for multimodal general anesthesia predicated on choosing

a combination of agents that act at different targets in the nociceptive system to control nociception

intraoperatively and pain postoperatively. Because these agents also decrease arousal, the doses

of hypnotics and/or inhaled ethers needed to control unconsciousness are reduced. Effective use of

this strategy requires simultaneous monitoring of antinociception and level of unconsciousness. We

illustrate the application of this strategy by summarizing angsthetic management for 4 representative

surgeries. (Anesth Analg 2018;127:1246-58)



Is the Balance in Anesthesia Right?
Multitarget Approach and Alteration
of Systemic Inflammation

To the Editor
e congratulate Brown et al' for their review of
Wthe anatomy and physiology of nociceptive and
arousal systems. In addition, they propose a ratio-
nal strategy for multimodal general anesthetic management
and illustrate it with 4 representative surgeries. However,
we have 2 concerns.

First, the terms multimodal approach, multimodal
general anesthesia, and multimodal analgesia are used
frequently and sometimes simultaneously in literature.?
Because there is no single definition for a multimodal
approach, consensus should be found how to define it. We
propose the term multitarget instead of multimodal as more
appropriate because anesthetic and nonanesthetic drugs act
at specific target sites in the central nervous system to sup-
press sympathetic activation and reduce the need for post-
operative analgesia.

Second, we would add suppression of the inflamma-
tory response to their proposed rational strategy. The
pathophysiological stress response to tissue damage is
represented by hormonal and metabolic changes that

e130 www.anesthesia-analgesia.org
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would be a better description

De Boer - Carlos - Mulier

nMor e

t han

each working on a

different target

t o

have

13

O N ¢



Why reducing intraoperative opioids with a multitarget anesthesia?

Coch 1. Pre emptive anal gesia doesr
(%) Licl’.':lz’a:;ne T Doleman B, et al. Cochrane Database Syst Rev. 2018;12:CD012624

Cochrane Database of Systematic Reviews 2' P r e V e n t i V e a n a‘ I g e S i a‘ d 0 e S n |

T Doleman B, et al. Cochrane Database Syst Rev. 2021;6:CD012978

: e . 3. Mul ti modal anal gesi a doesn

Pre-emptive and preventive opioids for postoperative pain in adults )
4. Only Multimodal analgesia after multimodal anesthesia
Doleman B, Leonardi-Bee J, Heinink TP, Bhattacharjee D, Lund JN, Williams JP . .
Is working!

2024 Mulier 14



Oral preoperative medication:
e Paracetamol
e Conventional NSAID/COX-2 inhibitors

Paracetamol & NSAIDs efficient if combined intra +

postoperative with other methods (infiltration)

v

Dexamethasone = :
BJ’ A British Journal of Anaesthesia, 121 (4): 787—803 (2018)
J doi: 10.1016/j.bja.2018.06.023
If not g iV en p reo p e raﬁv e Iy-' .:dv.ance;iscless Publication Date: 7 August 2018
eview icle
« |V Paracetamol

|V NSAID/COX-2 inhibitors

l

Port site local anaesthetic infiltration PAIN
(preferably with long acting agents and

prior to incision) Evidence-based management of pain after

laparoscopic cholecystectomy: a PROSPECT review
Operative techniques:

Low pressure insufflation 10-12 mm Hg) update

Sal".]e I.a vage follawea by.suctlon A. W. H. Barazanchi’*, W. S. MacFater’, J-L. Rahiri’, S. Tutone’, A. G. Hill*
Aspiration of pneumoperitoneum

:2 3 8
Mini-port (reduced port size) G. P. Joshi® on behalf of the PROSPECT collaboration
1South Auckland Clinical School, University of Auckland, Department of Surgery, Middlemore Hospital,

Auckland, New Zealand and *University of Texas Southwestern Medical Center, Anesthesiology and Pain
Management, Dallas, TX, USA

)

| Value of multimodal analgesia postoperative if started intraoperative

Post operative regular analgesia:

ki And when opioids are reduced intraoperative!

e Oral NSAID/COX-2 inhibitors
e Rescue analgesia with opioids, orally .
if poss|b|e 2024 Mulier 15




Anaesthesia 2016, 71, 1347-1362 doi:10.1111/anae. 13602

Review Article

Why reduces OFA the opioid

requirement postoperative?

Remifentanil tolerance and hyperalgesia: short-term gain,

long-term pain? Mechanical hyperalgesia
E. H. Y. Yu,' D. H. D. Tran,> S. W. Lam® and M. G. Irwin’ &9
Short-acting opioids like remifentanil have been associated with R
acute opioid tolerance and/or opioid-induced hyperalgesia. §"
A Remifentanil > 0.20 mcg.kgt.mint £ 2- —ontol
. . . -=- remifentanil 1 yg-kg' -min-'
A are characterised by lower mechanical/pressure/cold/pain thresholds, et i b
SuggeStlng hyperalgeSIa' ’ 0 4n 1d 20 4d  8d 14d  28d
Time after infusion
A Remifentanil > 0.25 mcg.kgt.mint
. . . . P . - T0r
A are associated with higher postoperative opioid consumption, § o mEs Tolerance for analgesia
suggesting tolerance. I T~
'g 30 3
g 207 :
A Yu EH, et al. Remifentanil tolerance and hyperalgesia: short-term gain, long-term pain? l;’ 1o — l
Anaesthesia. 2016;71:1347-1362. = = B.‘"“ S Sm i S S
A Y. Horii Spinal and Peripheral Mechanisms Individually Lead to the Development of ° ﬁ:.,c'e (“1,2:) 190 160 20 240
Remifentanil-induced Hyperalgesia Neuroscience 446 (2020) 28i 42 Figure 1. Time course of the analgesic effect of remifentanil

ini i i i i il i (constant-rate infusion of 0.1 mg - kg™ ! - min™!) as determined by
A Vinik HR, et al. Rapid development of tolerance to analgesia during remifentanil infusion i a0t ot ol olothiics ook *F- 01000 veraits THe0, =

in humans. Anesth Analg. 1998;86:1307-11. 2024 Mulier < 0.05 versus 90 min; P < 0.0001 versus 90 min. (3



Old studies on the Value of combining drugs

A The practice of combining several drugs to administer anaesthesia may be safer

than the use of only one or two drugs.
I (Il nteractions involving inhalational age-B8l)s Balli reds

A The relative odds of dying within 7 days was 2.9 times greater when one or two

anaesthetic drugs were used compared to when three or more were used. (first
outcome study)

I (Glass PS The art of reasonable combining drugs in anesthesia. Cahiers D'anesthesiologie, 1994, 42:63%540)

2024 Mulier 17



Value of combining drugs

A The use of multiple anaesthetic agents is preferable in
maintaining smooth anaesthesia and optimal patient care while
reducing side-effects of the component drugs.

I Ideal Synergistic effect without additive side effects.
A Ex: side effect of opioids is dose related

I When one drug has not the perfect profile for everything it is better to
combine two drugs:

A Ex: fast induction with propofol and safe maintenance with sevoflurane, or
iInhalation induction with sevo and maintenance with propofol in children.

2024 Mulier 18



Problems with combining two drugs (separate infusion)

I Drug combinations may produce next to additive, synergistic effects
also antagonistic effects.

I Risk for allergic or toxic reaction, the more drugs the higher the
Incidence of a side effect.

I Risk for incorrect dosing increases.
I Difficult to understand what drug caused a problem.
I Difficult to find exact effect of each drug in an RCT

2024 Mulier 19



Combinations of iv hypnotics? NO place

A Propofol induction followed by inhalation? YES
A No value of continuous combining propofol and inhalation?
A Value of combining N20 and sevoflurane? Not anymore.

A No value of two iv or two inhalation agents.

I Impossible to predict depth of hypnosis, relying on BIS only.

I Impossible to predict recovery time.

I Frequently identical targets, identical side affects, why combining?
I Short acting hypnotics exist

A Reversal agents or antidotes do not exist but are not needed.

2024 Mulier 20




Combinations of Iv muscle relaxants? NO

A Succinyl choline induction followed by non depolarizing?
I Not needed today anymore. RSI is possible with rocuronium only.

A No value of combining two non depolarizing NMB.
I Difficult to guarantee full reversal.

A No value of combining a short & long acting NMB.
A Full reversal is possible and fast, even from deep NMB.
A Cisatracurium will have an antidote in the future.

2024 Mulier RSI: rapid sequence induction; NMB neuro-muscu I

ar
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Combinations of opioids?

A No value yet of combining synthetic opioids like morphine, fentanyl,

sufentanyl , pirritramide, di amor pfr

I Work all on m receptor and some on 3 other, until now no advantage of mixed stimulation
I m- (MOP), strong analgesia but also depression of Gl tract motility and respiration

i d- (DOP), some analgesia but also depression of Gl tract motility and respiration.

I k- (KOP), sedation, confusion, dizziness, depersonalization and dysphoria at doses lower than analgesia.

I nociceptin (NOP), stress and anxiety, block learning and memory, reward/addiction

I Addi ti ve si de effects on respiratory

A Exception
I Remifentanyl should be combined with longer acting opioids postoperative to avoid sudden pain
on awakening.

I Weak opioids like methadone, buprenorphine, tramadol might have their value as analgesics
after stronger opioids intra operative but it increases PONV.

: RSI: rapid sequence induction; NMB neur scular
2024 Mulier block; NSAID: non steroidal anti inflammatory drugs



Combinations of iv sympathetic blockers? Might be YES

A Most sympathetic blockers have long-acting sedative effects.
i tY2>1 h: Problem in rapid waking up.
I Dexmedetomidine intra operative & very long-acting Clonidine postoperative

A ldeal intra-operative to block surgical stress response.

A Less analgesic postoperative compared to paracetamol, NSAID,
metamizol and opioids.
I Blocking stress helps to improve analgesia but is not enough post operative.

A Antidotes and human reversal agents do not exist for any drug.
I (Atipamezole would be ideal to allow single agent use but only for veterinary)

2024 Mulier NSAID: non steroidal anti inflammatory drugg



Combinations of iv anti-inflammatory drugs?

A Not sure if we are able to block it sufficiently yet.
A Not sure if we are able to measure inflammation and its block.
A We probably need to combine anti-inflammatory drugs.

A Given the interaction between sympathetic and inflammatory system it
mi ght help to block sympathetic s

A High dose Steroids, Alpha2agonists, Local anaesthetics do all work on
different targets achieving the same effect: reducing inflammation!
Useful to combine?

I Probably yes but no clear information yet.
I Normal healing process starts day after the operation, no risk for short block?

2024 Mulier 24



Dexmedetomidine: Pharmacodynamics & Pharmacokinetics

A Highly lipophilic nature of dexmedetomidine allows rapid absorption into the
cerebrospinal fluid.

A Distribution halflive (t ¥2) 6 min; elimination half live (t¥2) 2 hours. Distribution vol
118 |, 94% is protein binded.

A Binds to receptor U 2, U B, and U Z (each having different functions) in the central
(locus ceruleus and spinal cord), peripheral, and autonomic nervous systems, as
well as in vital organs and blood vessels.

A From anxiolytic, sympatholytic effects, to analgesic, and sedative with increasing
dose, (enhances both central and peripheral neural blockade by local anaesthetics).

A Does not cause respiratory depression or obstructive breathing!

NAAZ Dexmedetomidine in Current Anaesthesia Practice- A Review
Journal of Clinical and Diagnostic Research. 2014 Oct, Vol-8(10): GE01-GE04

2024 Mulier 25



Ketamine: Pharmacodynamics & Pharmacokinetics

A
A
A
A
A
A

Highly lipophilic: rapid absorption into the cerebrospinal fluid.

Distribution halflive (t %2) fast; elimination alpha half live (t ¥2)  2-4 min; elimination
beta half live 2-4 hours. Distribution vol 100-500 I, 10-30% is protein binded.

Antagonist of the N-methyl-D aspartate (NMDA) receptor in the brain.

Anesthetic, analgesic properties, antidepressant, psychomimetic and cognitive
effects.

Central sympathetic stimulation without affecting respiratory function.
No vasodilation effect

Peltoniemi. Ketamine: A Review of Clinical Pharmacokinetics
and Pharmacodynamics in Anesthesia and Pain Therapy
Clin Pharmacokinet 2016; 55:10591 1077.
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Magnesium: Pharmacodynamics & Pharmacokinetics

A
A
A
A

Mg rapidly equilibrates between highly perfused organs and peripheral tissues.

Mg sulphate dissociates to Mg** not metabolized, and elimination of the drug is conducted mainly
through renal excretion

Distribution halflive (t %2) is fast; elimination half live (t ¥2) 2,7 hours ; Distribution vol 22 |,

Clinical effects at varying dose:
I NMDA blok comparable to Ketamine but much weaker.
I Vasodilation with hypotension. (oposite to Ketamine bein also NMDA blocker)

Brookfield Pharmacokinetics and placental transfer of magnesium sulfate
in pregnant women. Am J Obstet Gynecol 2016;214:737

Felsby NMDA receptor blockade in chronic neuropathic pain: a comparison
of ketamine and magnesium chloride. Pain. 1996;64:283-291

2024 Mulier NMDA: N-methyl-D aspartate 27



Lidocaine: Pharmacodynamics & Pharmacokinetics

A
A

Rapid absorption also into the cerebrospinal fluid.

Distribution halflive (t %2) is fast; bolus half live (t%2) 10 - 20 min; infusion, t ¥2 2 hours.
Distribution vol 30-300 I, 80% is protein binded.

Cllnlcal effects at varying dose:

Local anesthesia by blockade of nerve fibre impulse propagation by binding to open sodium channels;
Antiarrhythmic action by direct effect on mammalian Purkinje fibres;

Analgesic effects by blockade of neuronal sodium channels and potassium currents at spinal dorsal horn
neurons,

Anti inflammatory effects directly on macrophages, in addition to its inhibition of the release of several
critical markers of the inflammation cascade,

Sedative effects up to full general anesthesia in high dose.
Antibacterial activity

Weinberg Pharmacokinetics and pharmacodynamics of lignocaine:
A review World J Anesthesiol 2015 July 27; 4(2): 17-29
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Neuroprotective and anti-inflammatory effects of lidocaine in
kainic acid-injected rats

Kuan Ming Chiu®®, Cheng Wei Lu®s, Ming Yi Lee® Ming Jiuh Wangd, Lidocaine 0.8 - 4 mg/kg IS anti _inﬂammatory
Tzu Yu Lin®® and Su Jane Wang®"

Lidocaine, the most commonly used local anesthetic, disorders. NeuroReport 27:501-507 Copyright © 2016
inhibits glutamate release from nerve terminals. Given the Wolters Kluwer Health, Inc. All rights reserved.
involvement of glutamate neurotoxicity in the pathogenesis
of various neurological disorders, this study investigated
the role of lidocaine in hippocampal neuronal death and
inflammatory events induced by an i.p. injection of kainic
acid (KA) (15 mg/kg), a glutamate analog. The results Saline
showed that KA significantly led to neuronal death in the
CA3 pyramidal layers of the hippocampus and this effect
was attenuated by the systemic administration of lidocaine
(0.8 or 4 mg/kg] i.p.) 30 min before KA injection. Moreover,
KA-induced microglia activation and gene expression of
proinflammatory cytokines, namely, interleukin-1§,
interleukin-6, and tumor necrosis factor-a, in the
hippocampus were reduced by the lidocaine pretreatment.
Altogether, the results suggest that lidocaine can effectively
treat glutamate excitotoxicity-related brain

NeuroReport 2016, 27:501-507

Keywords: anti-inflammation, hippocampus, kainic acid, lidocaine,
neuroprotection

Saline + KA (15 mg/kg)

Lidocaine (0.8 mg/kg) + KA Lidocaine (4 mg/kg) + KA

Pretreatment with lidocaine
A inhibits glutamate release from nerve terminals
A inhibits gene expression of proinflammatory cytokines

Lidocaine suppresses kainic acid (KA)-induced microglial activation in the CA3 area of the hippocampus. Lidocaine (0.8 and 4 mg/kg, i.p.) was

administered 30 min before KA injection and the hippocampal sections were stained with the anti-CD11b antibody 3 days after KA treatment.

Representative photomicrographs show CD11b immunoreactivity in the CA3 area of the hippocampus of rats in the control, KA + saline,

KA + lidocaine (0.8 mg/kg), and KA + lidocaine (4 mg/kg) groups. Insets in the figure show the morphological changes after KA injection under higher

magnification. Representative pictures from six independent experiments are presented. Scale bar=100 um for (a—d). 29
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Impact of drug nebulisation inside the abdomen on peritoneal CO, absorption & ”
during laparoscopy. A randomised controlled trial in pigs. Glasgow ESAIC 2023: abstract 236 ‘Q QR%D

H. Mulier 1, J. Mulier MD, PhD, FESAIC ?
1 KU Leuven, Belgium; ORSI academy, research & education, Melle, Belgium;
2 AZ Sint-Jan Brugge, Anesthesiology,, Belgium; UGent,, Gent, Belgium; KULeuven, Leuven, Belgium

Background and Goal of Study:
A CO, absorption during pneumoperitoneum (PP) starts within 30 minutes when IAP > 8 mmHg (1).
A Lidocaine(L), Dexmedetomidine(D) and Corticosteroids(S) reduce CO, absorption (2) when given
iv.
A Is nebulisation of L, D and S more protective?
Materials and Methods :
. . . : A Depth of .
A 16 pigs randomly nebulised with L 6 mg/kg, D 3 mcg/kg, SoluMedrol (S) 2 mg/kg or saline and were A A?Eeta%(] | .
. _ ; L bsorpfi . .
e 1 e CO2 absorption after 120 min PP mean + SD o
minutes r
A , o prosurs o Seirow 140
_ e " by, . & = 1 - Results a
3 Eemi < [ - s N 120
3 my E A 20 pigsw
" : - = 42
. =72 T, S — - A When co 100
— - found in f
A PP at 15 mmHg during 120 minutes was given. Anaesthesia with morphine, constant A Shbeing a _ 8
neuromuscular block, no lidocaine or alpha-2-agonists. Laparoscopic control of trocar positioning. g
_ A ) e d F 15 60
ey - A 1" ‘ 0 § E o 13
' : P © 11 40
| ' Y . 7 : _ " 0.9 L
. B — = =~ J o
. - ¥ 20
\ l w 0
CO2 ab: o o> Q () )
o . . . ' $ 3 ) o F 1
A The Aerogen nebulisation device was adapted for intra-abdominal use. Conclusion 00° @0 ,‘&(\ & N
A An electrostatic precipitator (Ultravision from Alesi Surgical) charges the water droplets to give a ) W 00 \6 xO
better spreading and penetration via electrostatic attraction to the peritoneum. (3) LIl cP \’/\é A4 @60
References : (Q
Kim | Albers et a <
PP: PneumoPeritoneum; IAP: Intra-Abdominal Pressure; L: Lidocaine; Liv: lidocaine intravenously; D: Mulier J etal. J ¢ O
Dexmedetomidine; S: Solu-Medrol; RQ: Respiratory Quotient; VO2 oxygen consumption in I/min; VCO2: CO2 el 3 Gl S
production in I/min = ]

Copyright © 2023 Harold.Mulier@gmail.com



Vertex (VX548) is a new NaV1.8 sodium channel blocker

(Abbott, Icagen, Pfizer)

L_a T p British Journal of
) l Pharmacology

RESEARCH PAPER

A novel selective and orally
bioavailable Na, 1.8 channel
blocker, PF-01247324,

attenuates nociception and
sensory neuron excitability
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A blockers of the sodium channel subtype
NaV1.8. These drugs are of interest in the
field of pain management because NaV1.8
IS predominantly expressed in peripheral
sensory neurons and plays a key role in the
transmission of pain signals

A Comparable to lidocaine it might have anti
inflammatory effects making it promising.

A Other comparable NAV1.8 blockers are
under research by other companies.
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Why might opioid free anaesthesia improve outcome?

(less complications, revisions, intensive care admission and shorter hospital stay)

A Less side effects of the opioids
I Less PONV, less pain, less respiratory depression, less obstructive breathing, less
pruritus, POUR, POCD, ¢
A Positive effects of the replacement drugs when no opioids are used.
I Less shivering, less delirium and cognitive dysfunction.
I Anti inflammatory effects.
I Improved peripheral perfusion.
I Better sympathetic stress suppression.
I Less tumour spreading ?

A Cave overdosing with additives with too much sympathetic block
i Bradycardia, hypotension, sedation, é

OFA: opioid free anesthesia; PONV: post operative
nausea & vomiting; POUR: post operative urine

2024 Mulier retention; POCD: post operative cognitive 5
dysfunction



Immunity

Mechanisms and Therapeutic Relevance
of Neuro-immune Communication

Sangeeta S. Chavan,’->* Valentin A. Pavlov,’>" and Kevin J. Tracey'*"

Center for Biomedical Science, Feinstein Institute for Medical Research, Northwell Health, Manhasset, NY 11030, USA
2Center for Bioelectronic Medicine, Feinstein Institute for Medical Research, Northwell Health, Manhasset, NY 11030, USA
*Correspondence: schavan@northwell.edu (S.S.C.), vpaviov@northwell.edu (V.A.P.), kjtracey@northwell.edu (K.J.T.)
http://dx.doi.org/10.1016/j.immuni.2017.06.008
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Surgical trauma induces inflammatory reaction

with impact on all organs including the brain: PND (perioperative Neurocognitive disorder)

Trauma [Neuroinflammationi Cognitive Decline
An external file that holds a picture, illustration,
Fa\ gtfj‘cct name is nihms-960152-f0001.jpg
(@) ‘
,-3 HMGB1 B
| (.1‘0.‘l ) ".O‘ﬁu’v
()".Q 0:. y | — ."’°.. disruption
[ . (@), ' e Rep
é' : -.“ l ® e 0
quiescent activated
microglia microglia
DAMPs BM-DM cytokines |__J chemokines macrophage interaction
BBB

Following peripheral trauma (indicated by the red intramedullary nail in a tibia that has been fractured), high molecular group box protein 1 (HMGBJ1) is passively released. This
damage-associated molecular pattern (DAMP) binds to pattern recognition receptors (PRR) on circulating bone marrow-derived monocytes (BM-DMs) that signal to activate NF-xB, a
transcription factor that passes into the nucleus to cause increase expression and release of pro-inflammatory cytokines that are capable of disrupting the blood brain barrier. Within the
brain parenchyma the chemokine MCP-1 (also referred to as CCL2) is upregulated and attracts the BM-DMs through binding to its cognate receptor, CCR2. In the presence of
translocated CCR2-expressing BM-DMs as well as through other direct and indirect mechanisms the resident quiescent microglia become activated. Together, the BM-DMs and activate
microglia release HMGB1(a feed-forward mechanism) and pro- inflammatory cytokines that disrupt long-term potentiation (LTP) thereby blocking synaptic plasticity changes that are

required for the cognitive functions of learning and memory.

S. Saxena & M Madepact on the brain of the inflammatory response to surgery ;
Presse Med. 2018 Apr; 47(4 Pt 2) EA. 2024 Mulier 37



Preventing postoperative neurocognitive

A Woman at ages 30 and 31 had severe PND characterizea py-srarimemory

A At age 41umorectomy: We used Propofol TCI alongside an OFA strategy.

dysfunction (PND) ?  prsee—e—m—c—m———p—

GA: General Anesthesia
OFA: Opioid Free Anesthesia
BIS: Bispectral Analysis

impairments lasting over one month, affecting reading and driving after each GA.
Anesthesia was given with propofol, fentanyl, and sevoflurane.

| 1600 | 1625 | 1630 | 16

20 mcg of dexmedetomidine 15 minutes preoperatively.

Propofol dosing, guided by th&chnidermodel, at 5 ng/ml with BIg0- 60

Induction with 7 mcg of dexmedetomidine, 70 mg of lidocaine, 500 mg of magnesium, and 25 mg
of esketamine

Analgesia Nociception Index (ANI) revealed heightened sympathetic activity,
necessitating repeated doses of 5 mcg of dexmedetomidine to maintain ANI just above
40, totaling 50 mcg.

Conversely, BIS levels declined markedly, requiring minimal propofol effect concentration (<2
ng/ml), while all hemodynamic parameters remained within normal ranges. I 1}1

Pre-awakening analgesics included paracetamol (1 gr), ketorolac (30 mg),rmethmizol (1 gr).

the patient emerged devoid of nausea or pain and exhibited intact orientation, with no
immediate or subsequent evidence of PND in the following weeks.
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