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6.

Farmakologicke ovplyvnenie bolesti

Na urovni nociceptorov: LA, analgetika-antipyretika
a NSA

Membrana nervovych viaken: LA, niektorée
antiarytmika

ZRM: EA/SA - opioidy, LA, klonidin; systémovo
podane opioidy

Hypotalamo-limbicka oblast’ (afektivha zlozka):
opioidy, AD, AE

Aktivacia DIS: opioidy, antidepresiva

Na urovni talamo-kortikalnej: opioidy, niektore
analgetika-antipyretika



Patofyziologia

Nociceptivha komponenta

Spinal
Cord

Neuropaticka komponenta
rez, utlak, ischemizacia, tah,
termolézia, RTG




Benefit viacerych mechanizmov ucCinku

 priCinou nizsej ucinnosti liekov s jednym mechanizmom
ucinku hlavne pri zmiesanych typoch bolesti je fakt, ze
nociceptivna a neuropaticka bolest nemaju rovnake
patogenetické mechanizmy a vyzaduju odlisné
terapeuticke pristupy

* mnohé Studie podfa Cochrane databazy vykazovali
vysSiu efektivnost liekov s rbznymi mechanizmami
ucinku

COLUZZI F, et al. European Review for Medical and Pharmacological Sciences. 2017; 21: 1672-1683



Analgeticky rebrik WHO (1986)

silna bolest

stredne silna bolest
slaba bolest

1.stupen
neopioidové

analgetika

+/- koanalgetika







Principy aplikacie analgetik
1. Akutna bolest

« Obrateny analgeticky rebrik

« Od najsilngjsich — k najslabsim analgetikam

 Od invazivnejSich spdsobov aplikacie k menej
iInvazivnym

Chronicka bolest — 5P

2.
1. Peroralne

2. Podla hodin (pravidelné Casove intervaly)
3. Podla vzostupného rebrika

4. Davku individualne titrovat proti bolesti

5. Venovat pozornost detailom (NU)



Farmakokinetika idealneho
analgetika

K lieCbe akutnej bolesti:

* on demand

* rychla absorpcia a vysoka biologicka dostupnost
* nizky first-pass efekt

* rychly nastup ucinku (kratky t.,)

* nizky potencial liekovych interakcii (kombinacie)
K lieCbe chronickej bolesti:

 podla hodin (around the clock)

-dlhy T 1/2 - stabilna pl. hladina
* nizky potencial liekovych interakcii (kombinacie)



Liekova forma

* Rychly nastup ucinku IR — kratke trvanie
(I.v., p.o. — tbl, kvapky)

» Retardované formy SR— s postupnym uvolnovanim —
uc¢inok 12-24 hodin
(p.o. - tbl, cps)
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1. NSA, paracetamol, metamizol



Historia vyvoja NSAIDs

* Predprostaglandinove obd. (1949 - 1971)
- fenylbutazén, indometacin, ...

* Prostaglandinové obd. (1971 — doteraz)
- 2 izoformy cyklooxygenazy i COX-1
COX-2 (1991)
Cox 3 CNS



Cyklooxygenaza

Kyselina

arachidonova 0

|

< NSAIDs—"

p—
Coxiby—
Konstitutivna -
« cytoprotekcia sliznic GIT « zapal
 oblicky — renalny prietok * bolest’

« agregacia trombocytov * horucka



Cyklooxygenaza

Kyselina
arachidonova ('1
(-) (-)
— NSAIDS ——
 ———
Coxiby—
-—-ﬁ
Konstitutivha - Konstitutivna
« cytoprotekcia sliznic GIT « zapal « mozog, miecha
 oblicky — renalny prietok * bolest’ . oblic':ky’
- agregacia trombocytov * horucka - ovaria, uterus

kosti ...



Neziaduce ucCinky NSAIDs

GIT (COx-1) najma pri dlhodobom uzivani
menej ¢asté v lieCbe akutnej POB
» Dyspepsia (vsetky liekoveé formy)
» Anémia - Erézie, Gl krvacanie
» Vredy — krvacanie / perforacia

Renalne (cox-1, cox-2)

> 1 reabsorpcia Na,! GF (?)

» Hypertenzia, edémy, srdcoveé zlyhanie
» RI - akutna/ chronicka

» Rizikovi pacienti - aj v poop.obdobi

Anti-Trombocytarne (cox-1)
%f’i‘ » zvysuju krvné straty (koxiby nie)

PPfucne (cox-1, cox-2)
» 10% astmatikov = aspirin senzitivni



Opatrenia

vCasné zaradenie PPI resp. antacid do lieCby,

vhodna galenicka forma — enterosolventne,
acidorezistentné, mikropeletoveé alebo retardovane formy
(vstrebavanie az v tenkom Creve)

effervescentne formy - uvolnovanim CO, zvysuju
prekrvenie sliznice zaludka, Cim sa urychluje nie len
vstrebavanie, ale aj nastup ucinku.

stupen poskodenia GIT zavisi najma od plazmatickej
hladiny NSA v plazme — ide teda o systemovy efekt,
a gastrotoxicita sa moze prejavit aj po parenteralnom
a rektalnom podani NSA



Delenie NSAIDs

1. selektivne COX-1 inhibitory

(ASA v nizkych davkach < 325 mg)

2. neselektivne COX inhibitory

(diklofenak, ibuprofen, ketoprofen, piroxikam...)
3. preferencné COX-2 inhibitory

(meloxikam, nimesulid, etodolak)

4. selektivne COX-2 inhibitory — ,,COXIBY*

Parenteralne formy: Almiral 75 mg Inj.
Neodolpasse iInf.
Ketonal inj., Ibuprofen inf



NSAIDs - farmakologia

« Slabé kyseliny, lipofilné molekuly

« Dobra absorpcia z GIT

« Silna vazba na plazmaticke bielkoviny —

(‘ albumin = vyssSia volna/ucinna koncentracia)
« Analgeticka davka < antiflogisticka davka

« Stropovy efekt ! — max. 1,5-2 nasobok odporucCanej
terapeutickej davky

« Nekombinovat medzi sebou




NSAIDs v lieCbe akutnej bolesti

Step down

multimodalna (balansovana) analgézia

Princip:

1+1=3

(Rawal, 2003)

i casto lspotrebu opiatov (p.o., p.e., epid.) o
T kvalitu analgézie

(priekaznost EBM — uroven A,B)

r6zne liekové formy (p.o., i.m., i.v., supp.)
bolusovo / kontinualne (PCA) + slabé opioidy
preemptivne pésobenie

cena



NSA prax — 30 milibnov pac.

Populacia starne — {vyskyt OA, RA,
vertebrogénne ochorenia

Dobra ucCinnost

Pestra paleta liekovych foriem

Dostupnost aj bez Rp

4

boom coxibov



COX-2 selektivne inhibitory

* Celecoxib (molekular. 2002) — p.o liecba OA a RA
» Rofecoxib ROF/NAP
2x vyssie riziko KV prihod

2t

30.9.2004
celosvetovo stiahnuty

 Etoricoxib, valdecoxib, parecoxib, lumiracoxib

« Nimesulid — Finsko, Spanielsko (hepatotoxicita)

EMEA 2002-2004 Europske prehodnocovanie
prinosov/rizika



Osud koxibov

rofecoxib

 Studia VIGOR....2001: 4x viac IM > naproxen

» Studia APROVe - FAP, po 18 mes; 2x vySSie riziko
trombotickych prihod (IM, CMP) vs. placebo

valdecoxib
- jar 2005 — kozné NU, ? kardiotoxicita - stiahnuty

etoricoxib
« v CR nikdy neuvedeny — Stadia MEDAL

parecoxib
« jediny parenteralny koxib, kratkodoba aplikacia

celecoxib
 posledny ,mohykan®; ? selektivita



Kl — EMEA (www.emea.eu.int.)
COX-1 COX-2

!

protromb.TXA, (VK) anttromb.Pgihy¥D)

« Kl pre ICHS (NYHA IlI-IV) a NCMP

« Kl pre etoricoxib — a. hypertenzia

* Pozor u pac. s RF pre ochorenie srdca
Aktivny vred

Nenahradzaju ASA v prevencii och. KVS



http://www.emea.eu.int/

Rychlost nastupu ucinku

Liekové formy

— efervescentné tablety, beta-cyklodextrin piroxicam
Stereoizoméry

— dexketoprofen, dexibuprofen

Soli

— dexketoprofen tromethamol, ibuprofen arginat,
Ibuprofen lysinat, diclofenac K+

Kombinacie

— + kofein (paracetamol, ibuprofen)
— + bikarbonat (paracetamol)

— + guaifenesin



xibs vs nsNSAIDs in Postop Pain

of key messages of APM:SE 4" edition 2015)

Bloodlouandbm licatic
o nsNSAIDs > placcbo (chol 1)

o Coxil poebo (Level |)

0 cOxlbo 5 nsNSAIDs (Level Il)

Gl ulceration short-term (5-7 days):

o nsNSAIDs >> placebo (Level Il)

o Coxibs = placebo (Level )

o Coxibs << nsNSAIDs (Level Il)
Bronchospasm In aspirin sensitive asthma
o Coxibs » placebo (Level )

< nsNSAIDs > Coxibs (Level |)

Acute kidney Injury

o Coxibs = placebo (Level 1il-2)

o Coxibs < nsNSAIDs (Level I11-2)

Cardiovascular complications short-term (5-7 days)

o Farecoxibicelecoxib = placebo (Lovel |)

EFIC kongres,
2019



Eur J Pain. 2018 Aug;20(7):1025-43. doi- 10.1002/ejp.842. Epub 2018 Mar 15,

Preoperative preemptive drug administration for acute postoperative pain: A systematic review
and meta-analysis.

Mir Rﬁu: Nahman-Averbuch H'%. Moont R’ 'E, Sprecher E' 'E, Yarnitzky p'Z

= Author information

1 Department of Neurology, Rambam Health Care Campus, Haifa, lsrael.
2 Laboratory of Clinical Neurophysiology, The Bruce Rappaport Faculty of Medicine, Technion - [srael Institute of Technology, Haifa, Israel.

A significant reduction in postoperative analgesic
consumption was observed using preoperative
administration of nonsteroidal anti-inflammatory drugs

(NSAIDs; 95% ClI, 0.61 to 0.14; 31 comparisons), chiefly
by the COX-2 inhibitors class (95% CI, 0.95 to 0,33: 13
comparisons).




Preferencné COX-2 inhibitory

* Rychlost nastupu ucinku

- nimesulid............ do 30 min (t-max=1-3 h)

- meloxikam........... do 90 min (t-max=4-11 h)
* Biologicky polcas

- nimesulid.............. 4-6 hod....... 2x dennée

- meloxicam............ 15-20 hod ...1x denne

bolesti



Ako v praxi - NSA

preferovat koxiby — parecoxib 40 mg I.v.
(uz pri uvode do CA)

prechod na celecoxib p.os. (ak sa da)

ak riziko GIT komplikacii — pridaj PPI

* su Kl u renalne kompromitovanych,
(hypovolémia, hypotenzia, nefrotoxicke lieky)
« doOlezita sucast multimodalnej analgézie



Paracetamol

« nema antiflogisticky efekt !
Analgeticky ucinok je centralny — aktivacia descendentnych

serotoninergnych drah, prostrednictvom svojich aktivnych
metabolitov (p-aminophenolu) pravdepodobne ovplyvnuje aj
kanabinoidné receptory.

Antipyreticky efekt - inhibiciou COX-2 (hipocampus)

analgeticka davka > ako antipyreticka

19 0,59
maximalna denna davka - 4g kratkodobo
- 2g dlhodobo

patri medzi najbezpecnejsie analgetika (polymorbidni,
geriatricki ...)



Farmakokinetika

10-15mg/kg teda >50 kg 1 tbl (500 mg) nestaci
1,0g — max. jednotliva davka

85 kg
1,0g/6h
p.OS.

T T T T T S e T T e T T S S B R S ST TN SRS
a 2 - & g 10 12 14 16 18 20 22

Cas (h) Kréiak, 2012




Hepatotoxicita

Analyza takmer 800 publikacii (4g/den)
- 30 tisic pacientov

- ALT zvysene u 0,4 % lieCenych, nikdy nedoslo k
zlyhaniu pecene

- 4 g denne — alkoholici (1-3 napoje denne):
po 4 d =ALT, po 10d JALT

- 4g denne 14 d u 18 dobrovolnikov:
prechodne JALT asi u 1/3 osdb



Ako v praxi - paracetamol

Ak davka 1g neucinna — kombinuj

s NSA/koxibmi, s metamizolom

so slabymi/silnymi opioidmi

sucast mnohych kombinovanych preparatov

Zrychlenie nastupu ucCinku
naladno (vstrebavanie v TC), + prokinetika
sumive tablety, tbl so zvysenym rozpustanim



Metamizol

analgetické, antipyretické a spazmolytické ucinky
inhibicia COX — velmi slabo neselektivne inhibuje
COX-1/COX-2, ale je to uCinok tak slaby, ze

v podmienkach zapalu je klinicky nevyznamny,

inhibuje pravdepodobne predovsetkym COX-3 v CNS,
Cim znizuje hladinu PgE2 a tym i senzitivitu

a excitabilitu nociceptorov na ucinky mediatorov
bolesti.

aktivacia endokanabinoidovéeho systéemu — aktivne
metabolity metamizolu su agonistami kanabinoidnych
reptorov typu 1, ktoré su sucastou DIS

aktivaciou endogénneho opioidového systemu



Metamizol - indikacie

nociceptivna visceralna bolest brucha a hrudnika,
ktoré su spojené so spazmom dutych organov alebo ich
distenziou.

neuropaticka — kontinualna paliva bolest - nadorovej
| nenadorovej etiologie.
nemigrenozne bolesti hlavy

vhodne sa kombinuje s paracetamolom, NSA, opioidmi.



Opioidy - vyhody

« velmi ucinné analgetika v lieCbe silnej akutnej i
chronickej bolesti, ...
... ale niektoré opioidy su horsie ...

Meperidin - nie je lepsi ako morfin alebo hydromorfén v
lieCbe bolesti pri renalnej kolike (L 1)
- je spojeny s vyssim rizikom deliria v
pooperacnom obdobi v porovnani s inymi opioidmi (LIII)
V manazmente POB su niektoré opioidy lepSie u niektorych
pacientov (LII)



Opioidy - nevyhody

Zhorsenie ventilacie

Nauzea, zvracanie

Obstipacia

Retencia moca

Sedacia

Imunosupresia, endokrinné zmeny
Onkologicki pacienti?

.. predlzuju pobyt v nemocnici a zvysuju naklady na lieCbu
.. SU na davke zavislé (L I)



Multimodalna analgézia
- Je uginnejsia — pri zniZzeni davky opioidov a aj NU (L 1)

« Panel expertov : APS, ASRAaPM, ASA
Chou et al., J Pain, 2016, 17:131-57

 Kombinacia - roznych analgetik, analgetickych technik a
nefarmakologickych postupov (L I, QoE — H)



Opioidna kriza
v USA

National Drug Overdose Deaths Involving Any Opioid. : Wy
Number Among All Ages, by Gender, 1999-2017 ‘_ AR '
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Overdose Death Rates Involving Opioids, by Type, United States, 2000-2017

Source: : Centers for Disease Control and Prevention, National Center for Health Statistics. Multiple Cause of Death
1999-2017 on CDC WONDER Online Database, released December, 2018 13

Other Synthetic Opioids
(e.g., fentanyl, tramadeol)

Commonly Prescribed Opioids
(Natural & Semi-Synthetic Opioids and Methadone)

Deaths per 100,000 population

Heroin
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Anesthesiclogy. 2016 Apr.124{4):337-45. doi: 10.1087/ALN.CO00000000001034.

Variations in the Use of Perioperative Multimodal Analgesic Therapy.
Ladha K5'. Patorno E, Huybrechis KF, Liu J. Rathmell JP, BEateman ET.

= Author information

1 From the Division of Pharmacoepidemiology and Pharmacoeconomics, Department of Medicine, Brigham and Women's Hospital, Boston,
Massachusetts (K.S.L., EP, KFH., JL, B.TE.) Department of Anesthesiology, Critical Care and Pain Medicine, Massachusetts General
Hospital, Harvard Medical School, Boston, Massachusetts (K.5.L., B.T.E.); Department of Anesthesia, Toronto General Hospital and
University of Toronto, Toronto, Ontario, Canada (K.5.L.); and Department of Anesthesiology, Perioperative and Pain Medicine, Brigham and
Women's Hospital, Harvard Medical School, Boston, Massachusetts (J.PR).

Abstract

BACKGROUND: Practice guidelines for perioperative pain management recommend that multimodal analgesic therapy should be used for all
postsurgical patients. However, the proportion of patients who actually receive this evidence-based approach is unknown. The objective of
this study was to descripe hospital-level patterns in the utilization of perioperative multimodal analgesia.

METHODS: Data for the study were obtained from the Premier Research Database. Patients undergoing below-knee amputation, open
lobectomy, total knee arthroplasty, and open colectomy between 2007 and 2014 were included in the analysis. Patients were considered to
have mulimodal therapy if they received one or more nonopioid analgesic therapies. Mixed-effects logistic regression models were used to
estimate the hospital-specific frequency of multimodal therapy use while adjusting for the case mix of patients and hospital characteristics and
accounting for random variation.

RESULTS: The cohort conzisted of 799 449 patients who underwent a procedure at 1 of 315 hospitals. The mean probability of receiving
multimodal therapy was 90.4%, with 95% of the hospitals having a predicted probahility between 42.6 and 99.2%_ A secondary analysis
examined whether patients received two or more nonopioid analgesics, which gave an average predicted probability of 54 2%, with 95% of
the hospitals having a predicted probability between 9.3 and 93.2%.

CONCLUSIONS: In this large nationwide sample of surgical admissions in the United States, the authors observed tremendous vanation in
the utilization of multimodal therapy not accounted for by patient or hospital charactenstics. Efforts should be made to identify why there are
variations in the use of multimodal analgesic therapy and to promote its adoption in appropriate patients.




Ladha, 2016 USA

* 4 operacie - kolektomia (22%), TKA (71%),
- lobektdmia (3%), amputacie pod kolenom (4%)
- takmer vSetci pac. dostali opioidy (97%)
- Iba 2/3 pac. dostali paracetamol (66%)
- malo vyuzivaneé neopioidné analgetika:
- NSA 15-57%, koxiby 1-2%
- gabapentin 4-36%
- ketamin 2-5%
- velmi nizke vyuzitie regionalnych analgetickych technik:
- amputacie 3%
- kolektomie 6%
- lobektomie 27%
- TKA 14%



\OP Opioidneé receptory

EC — N terminalny koniec

mi, kappa, delta, ORL-1

hond i Lokalizaciar:
M4 _CNS, PNS, GIT, KVS, UGS
X ' ~ -na bunkach IS (imunomodulaény efekt)
IC — C terminalny koniec -na nédorovy'/Ch bb.
G protein

1

cAMP, K*kanal, Ca*kanal
| signaine drahy — progresia



Opioidy

« Slabe - tramadol, kodein, tapentadol
« Silné - fentanyl a derivaty (su-, remi-, al-)
- morfin
- hydromorfon, oxykodon
- buprenorfin
- piritramid
- nalbufin
- petidin, dipidolor



Opioidy

 Typicke: pésobiace na OR
* Atypické: posobiace na OR + ine receptory



MOR-NRI a bolest’ nociceptivnej alebo
neuropatickej etiologie

Experimentalne testy potvrdili vyznamnejSiu ulohu:
M-komponentov v nociceptivnej bolesti
NRI-komponentov neuropatickej bolesti

pEopIo1dnyagonizmusyiviOR) s

inhibicia spatnehc'\visiicbivana-noradrenalinu (NRI)*

Nociceptivna bolest Neuropaticka bolest

ﬁ

Akutna bolest’ - nhociceptivna
Chronicka bolest’ - neuropaticka



Dualny mechanizmus ucinku

Ascendentné drahy Descendentné drahy

Potlacenie
spatného vstrebavania
noradrenalinu
- posilnenie descendentnej
inhibicie bolesti

Aktivacia p-opioidnych
receptorov
- inhibicia prenosu
bolestivého signalu do talamu

M-opioid receptor noradrenaline re-
agonista uptake inhibitor

Sucasna aktivacia oboch systémov vedie k
synergickému analgetickému uéinku

Referencie: Tzschentke, TM. et al. Drugs of Today 2009, 45 (7): 483-496



Opioidy

« Typickeé: posobiace na OR
« Atypické: p6sobiace na OR + iné receptory
- tramadol - 40% p-agonista
- 60% SSNRI + nepriamy a2 agonista
(NMDA, 5-HT2C, N a M receptorov)
- sila: 1/10-1/6 morfinu
- vyborna biologicka dostupnost (70-100%)



Atypicke opioidy

 tapentadol - 40% parcialny py agonista
- 60% NRI
- thl IR aJ SR

* buprenorfin - parcialny g agonista
- K antagonista
- 0 antagonista



Opioidy
nalbufin - y antagonista
- K agonista

- stropovy efekt — denna davka 30 mg

- 15mg=10 mg MO

- max. jednorazova davka: 20 mg

porodnicka analgézia - skor cez k receptory
- prechod placentou

remifentanil — 2x> FNL, esterova vazba — hydrolyza
neaktivhe metabolity

PEDA: bolus 20-30 ug, lock out 2-3 min, az do konca 2DP

kont. 0,1 ug/kg/min



Adjuvantne analgetika
lieCba neuropatickej bolesti

ANTIDEPRESIVA ANTIEPILEPTIKA

OPIOIDY Lokalne farmaka

« TCA (amitriptylin) —»>—>—  SNRI (venlafaxin, duloxetin)
DNRI (bupropion)

« CBZ, PHT —->—— gabapentin, pregabalin

* Morfin >—— oxykodon, tramadol



Mechanismy ucinku lieCiv
v terapii neuropatickej bolesti

TCA, SSRI, SNRI

descendentna inhibicia

NA/5-HT

opioidné rec.

periférna senzitizacia
O —

Na*:

TCA

lidokain, mexiletin

A

CBZ, PHT, TPM, LTG

/ tramadol
opioidy
centralna senzitizacia

v Ca’*: GBP, PGB,
LTG, LVT

NMDA: ketamin,
dextromethorphan

podla Beydoun 2003



Klasifikacia farmak k lieCbe
neuropatickej bolesti

 membrany — stabilizujuce lieCiva
— antiepileptika
« carbamazepin, fenytoin, valproat
— antiarytmika
* lidocain, mexiletin
« T inhibicie v ZRM
— antiepileptika
 clonazepam, gabapentin
— antidepresiva
« amitriptylin, imipramin, fluoxetin

— GABA-B agonisty.....baclofen



q Pregabalin sa viaze na a
napatovo riadenych Ca éan

-O ) ]
aloy




Pregabalin moduluje hyperexcitovaneé neurony

Modulation of Hyperexcited Neuron

H 1
Hyperexcited Neuron With Pregabalin’

Presynaptic Presynaptic Pregabalin

0(2-8
Subunit

ca20 L

Channel e




Br J Anaesth. 2015 Jan; 114{1}:10-31. doi: 10.1083/0ja/aeu283. Epub 2014 Sep 10.

Impact of pregabalin on acute and persistent postoperative pain: a systematic review and meta-
analysis.

Mishriky BM' Waldron NH'. Habib AS®

= Author information

1 Department of Anesthesiology, Duke University Medical Center, Box 3094, Durham, NC 27710, USA.
2 Department of Anesthesiology, Duke University Medical Center, Box 3094, Durham, NC 27710, USA habib001@dm.duke edu.

Abstract

We performed this systematic review to assess the analgesic efficacy of perioperative pregabalin. Subgroup analyses and meta-regression
were performed to assess the impact of individual dose and frequency of pregabalin administration on analgesic efficacy. We included 55
studies. When all doses and adminisiration reaimens were combined preaabalin was associated with a sionificant reduction in pain scores at

rest and during movement and opioid EDHELJIT‘II}IIEFI at 24 h compared with placebo {mean difference [95% confi dence interval (Cl)]=-0.33

(-0.57 -0.20), -0.47 (-0.76, -0.18), and -&.27 mg morphine equivalents (-10.08, -6.47), respectively}. Patients receiving pregabalin had less
postoperative nausea and vomiting and pruritus compared with placebo [relative risk (RR) (95% Cl)=0.62 (0.48, 0.80) and 0.48 (0.34, 0.70},

respectively]. Sedation_dizziness.and visual disturbance were more common with pregabalin compared with placebo [RR (95% Clj=1.46
(1.08,1.98) 1.33(1.07, 1.64), and 3.52 (2.05, 6.04), respectwely] All dnses of pregabalm tested [5?5 100- 15[] and 300 mq) resulted in
opioid sparing at 24 h after surgery. Thers were no significant differences in acute pain outcomes with pregaba _
preoperative dosing regimens and those including additional doses repeated after surgery. Data were insufficient to reach conclusions

regarding persistent pain, but limited data available from two studies suggested that pregabalin might be effective for the reduction of
neuropathic pain. In conclusion, this review suggests that pregabalin improves postoperative analgesia compared with placebo at the
expense of increased sedafion and visual disturbances.

& The Author 2014. Published by Oxford University Press on behalf of the Bnfizh Journal of Anaesthesia. All rights reserved. For Permizsions. please email:
journals permissions@oup.com.



Ako v praxi - pregabalin

kedy - 90-120 min pre operaciou
davka — rutinne 150 mg, resp.

- /5 mg u starych

- 300 mg u ,big and robust”
pokracovat po operacii ak zvysene riziko
neuropatickej bolesti
najlepsie data: TKA, spinalna chirurgia,
mastektomia?, prostatektomia



Ketamin

* nekompetitivnhy antagonista NMDA receptorov

+ dalSich cca 35 receptorov a kanalov — AMPA, GABA, N, M,
kainatove, Na+, K+, SSRI...

+ protizapalovy ucinok (cez IL6...)

* len somaticka analgezia

e cesta podania: i.v.,

S+ ketamin: p.os. 2-3mg/kg (] biodostupnost)
intranazalne 10 mg (0,1ml roztoku) (71% biodostup.)



0,5 mg/kg — rychly efekt (dalSi den)
B u.s. National Library of Medicine

ClinicalTrials.gov

Home > Search Results > Study Record Detail

Rapid Antidepressant Effects of Ketamine in Major Depression

The safety and scientific validity of this study is the responsibility of the study
.ﬁ. sponsor and investigators. Listing a study does not mean it has been evaluated by

the U.5. Federal Government. Read our disclaimer for details.

Sponsor:
Mational Institute of Mental Health (NIMH}

Information provided by (Responsible Party):
Mational Institutes of Health Clinical Center (CC) { National Institute of Mental Health (MIMH} }



SPRAVATO spray — prevencia suicidia

U.S. Healthcare Professionals REMS Important Safety Information

(esketamine) @ {%E Home  About SPRAVATO™  Preparing for Treatment
nasal spray

SPRAVATO™ nasal spray is a different kind
of medication taken with an oral
antidepressant for adults with treatment-
resistant depression - a first in decades

Full Prescribing Information

Patient Stories

Medication Guide Find a Center

Patient Support  FAQs

What is SPRAVATO™?

SPRAVATO™ is a prescription
medicine, used along with an
antidepressant taken by mouth,
for treatment-resistant depression
(TRD) in adults.

SPRAVATO™ is not foruse as a
medicine to prevent or relieve pain
(anesthetic). It is not known if
SPRAVATO™ is safe or effective as
an anesthetic medicine.

It is not known if SPRAVATO™ is safe
and effective in children.

IMPORTANT SAFETY
INFORMATION

What is the most important



Can J Anzesth. 2011 Oct;52(10):811-23. doi: 10.1007/512830-011-8560-0. Epub 2011 Jul 20.

A systematic review of intravenous ketamine for postoperative analgesia.
Laskowski K’ Sfirling A&, Mckay WP, Lim HJ.

= Author information

1 Department of Anesthesiology, Perioperative Medicine and Pain Management, College of Medicine, University of Saskatchewan, Royal
University Hospital, 103 Hospital Drive, Saskatoon, SK STN 0W2, Canada. kevin_laskowski@usask.ca

Abstract

PURPOQSE: FPerioperative intravenous ketamine may be a useful addifion in pain management regimens. Previous systematic reviews have
included all methods of ketamine administration, and heterogeneity between studies has been substantial. This study addresses this issue by
narrowing the inclusion criteria, using a random effects model, and performing subgroup analysis to determine the specific types of patients,
surgery, and clinical indications which may benefit from perioperative ketamine administration.

SOURCE: We included published studies from 1966 to 2010 which were randomized, double-blinded, and placebo-confrolled using
intravenous ketamine (bolus or infusion) to decrease postoperative pain. Studies using any form of regional anesthesia were excluded. No
limitation was placed on the ketamine dose, patient age, or language of publication.

PRINCIPAL FINDING S: Minety-one comparisons in seventy studies involving 4,701 patients met the inclusion criteria (2,652 in ketamine
groups and 2,049 in placebo groups). Forty-seven of these studies were appropriate for evaluation in the core meta-analysis, and the
remaining 23 studies were used to corroborate the results. A reductu}n in total opioid consumption and an increase in the time tu first
analgesic were observed across all studies (P = 0.001). _ : : : :
surgical subgroups. Despite using less opioid, 25 out of 32 treatment groups (78%) experienced Iess paln than the placebo groups at some
point postoperatively when ketamine was efficacious. This finding implies an improved quality of pain control in addition to decreased opioid
consumption. Hallucinations and nightmares were more common with ketamine but sedation was not. When ketamine was efficacious for
pain, postoperative nausea and vomiting was less frequent in the ketamine group. The dose-dependent role of ketamine analgesia could not
be determined.

CONCLUSION: Intravenous ketamine is an effeciive adjunct for postoperative analgesia. Particular benefit was observed in painful
procedures, including upper abdominal, thoracic, and major orthopedic surgeries. The analgesic effect of ketamine was independent of the
type of intraoperative opioid administered, timing of ketamine administration, and ketamine dose.



Ako v praxi - ketamin

Odporucane davky:
kontinualne 0,1mg/kg/hod
psychomimetické ucinky raritné (ak, + midazolam)

Vhodné najma u:
opioid tolerantnych pacientov
neuropatickej bolesti

Vhodny pre prevenciu chronicke] pooperacnej
bolesti a fantdbmovej bolesti



Anasthasiology. 2012 Jun; 116(8):1212-22. doi: 10.1087/ALMN.0b01323182568 1¢b.

Effect of perioperative systemic a2 agonists on postoperative morphine consumption and pain
intensity: systematic review and meta-analysis of randomized controlled trials.

Blaudszun G‘. Lysakowski C. Elia M. Tramer MB.

= Author information

1 Division of Anesthesiclogy, Geneva University Hospitals, Geneva, Switzerland. gregoire_blaudszunigthcuge.ch

Abstract
BACKGROUMD: Systemic a2 agonists are believed to reduce pain and opioid reguirements after surgery, thus decreasing the incidence of
opioid-related adverse effects. including hyperalgesia.

METHODS: The authors searched for randomized placebo-controlled trials testing systemic a2 agonists administrated in surgical patients and
reporting on postoperative cumulative opioid consumption andfor pain intensity. Meta-analyses were performed when data from 5 or more
trials andfor 100 or more patients could be combined.

RESULTS: Thirty studies (1,792 patients, 933 received cloniding or dexmedetomidine) were included. There was evidence of postoperative
_maorphine-sparing at 24 he the weighted mean difference was -4.1 mg {95% n::nnﬂdenn::e mtewal -6.0 to -2.2) with clonidine and -14.5 mg
(-22.1 1o -5.8) with dexmedetomidine. There was also evidan : 3! nsity A . the weighted mean difference was -0.7
cm (-1.2 10 -0.1) on & 10-cm visual analog scale with clonidine and -0. E cm (-0. 9 tn EI 2} mth dexmedetomidine. The incidence of early
nausea was decreased with both (number neaded to treat, approximately nine). Cloniding increased the risk of infraoperative (number
needed to harm, approximately nine) and postoperative hypotension (number needed to harm, 20). Dexmedetomidine increased the risk of
postoperative bradycardia (number needed to harm, three). Recovery times were not prolonged. No trial reported on chronic pain or
hyperalgesia.

CONCLUSIONS: Perioperative systemic a2 agonists decrease postoperative opioid consumption, pain intensity, and nausea. Recovery times
are not prolonged. Common adverse effects are bradycardia and arterial hypotension. The impact of a2 agonists on chronic pain or
hyperalgesia remains unclear because valid data are lacking.



Dis Colon Rectum. 2012 Nov;33(11):1183-84. doi: 10.1087/DCR.0b013e315258bcds.

Perioperative systemic lidocaine for postoperative analgesia and recovery after abdominal
surgery: a meta-analysis of randomized controlled trials.

Sun¥' LiT WangN, YunY GanTJ.

= Author information
1 Department of Anesthesiology, TongRen Hospital, Capital Medical University, Beijing 100730, [corrected] China. sun00017@gmail. com

Erratum in
Dis Colon Rectum. 2013 Feb;52(2):271.

Abstract
BACKGROUND: Postoperative pain management remains a significant challenge after abdominal surgery.

OBJECTIVE: The aim of this meta-analysis was 1o evaluate the efficacy of systemic lidocaine for postoperative pain management and
recovery after abdominal surgery.

DATA SOURCE: Data were derived from Medline (1966-2010), CINAHL, The Cochrane Central Register of Controlled Trials, and Scopus.

STUDY SELECTION: Randomized controlled trials of systemic administration of lidocaine for postoperative analgesia and recovery after
abdominal surgery in adults, ie, =18 years, were considered.

INTERVENTIONS: Combined data were analyzed with use of a random-effects model.

MAIN OUTCOMES MEASURES: Data on opioid consumption, postoperative pain intensity, opioid-related side effects, time to first flatus, time
to first bowel movement, and length of hospital stay were extracted.

RESULTS: Twenty-one trials comparing systemic lidocaine with placebo or blank control for postoperative analgesia and recovery after
abdominal surgery were included in this meta-analysis. Weighted mean difference for cumulative analgesic opioid (morphing) consumption
48 hours after surgery was -7.04 mg (95% CI- -10.40, -3.68, 12= 46.1%).Systemic lidocaine also significantly reduced postoperative pain
intensity(visual analog scale, 0-100 mm) 6 hours after surgery at rest (weighted mean difference: -8.07 mm (93% CI: -14.69, -1.49); 12 =
90.6%) and during activity (weighted mean difference: -10.56 mm (93% CI: -16.89, -4.23), 12 = §2%). The time to first flatus and bowel
movement was significantly shortened with lidocaine intervention by 6.92 hours (95% CI: -9.21, -4.63, 12 = 62.8%) and 11.74 hours (95%
Cl-16.97. -6.51, 12 = 0). Moreover, systemic lidocaine also reduced hospital length of stay following the open procedure (weighted mean
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Perioperative systemic lidocaine for postoperative analgesia and recovery after abdominal
surgery: a meta-analysis of randomized controlled trials.

Sun¥' LiT WangN, YunY GanTJ.

= Author information
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Abstract
BACKGROUND: Postoperative pain management remains a significant challenge after abdominal surgery.

OBJECTIVE: The aim of this meta-analysis was 10 evaluate the efficacy of systemic lidocaine for postoperative pain management and

CONCLUSION: Perioperative systemic lidocaine may be a useful adjunct for postoperative pain management by decreasing postoperative
pain intensity, reducing opioid consumption, facilitating GI function, and shortening length of hospital stay.

R e B R B L D

INTERVENTIONS: Combined data were analyzed with use of a random-effects model.

MAIN OUTCOMES MEASURES: Data on opioid consumption, postoperative pain intensity, opioid-related side effects, time to first flatus, time
to first bowel movement, and length of hospital stay were extracted.

RESULTS: Twenty-one trials comparing systemic lidocaine with placebo or blank control for postoperative analgesia and recovery after
abdominal surgery were included in this meta-analysis. Weighted mean difference for cumulative analgesic opioid (morphing) consumption
48 hours after surgery was -7.04 mg (95% CI- -10.40, -3.68, 12= 46.1%).Systemic lidocaine also significantly reduced postoperative pain
intensity(visual analog scale, 0-100 mm) 6 hours after surgery at rest (weighted mean difference: -8.07 mm (93% CI: -14.69, -1.49); 12 =
90.6%) and during activity (weighted mean difference: -10.56 mm (93% CI: -16.89, -4.23), 12 = §2%). The time to first flatus and bowel
movement was significantly shortened with lidocaine intervention by 6.92 hours (95% CI: -9.21, -4.63, 12 = 62.8%) and 11.74 hours (95%

Cl-16.97, -6.51, 12 = 0). Moreover, systemic lidocaine also reduced hospital length of stay following the open procedure (weighted mean
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Br J Anzesth. 2013 Feb;110(21:181-200. doi: 10.1082/0ja/aes431. Epub 2012 Dec 5.

Impact of perioperative dexamethasone on postoperative analgesia and side-effects: systematic
review and meta-analysis.

Waldron MH 1. Jones CA. Gan TJ. Allen TE. Hahib AS.

i= Author information
1 Department of Anesthesiology, Duke University Medical Center, Box 3094, Durham, NC 27710, USA.

Abstract

BACKGROUMND: The analgesic efficacy and adverse effects of a single perioperative doze of dexamethasone are unclear. We performed a
systematic review to evaluate the impact of a single iI.v. dose of dexamethasone on postoperative pain and explore adverse events
associated with this treatment.

METHODS: MEDLINE, EMEASE, CINAHL, and the Cochrane Register were searched for randomized, controlled studies that compared
dexamethasone vs placebo or an antiemetic in adult patients undergoing general anaesthesia and reported pain outcomes.

RESULTS: Forty-five studies involving 5796 patients receiving dexamethasone 1.25-20 mg were included. Patients receiving dexamethasone
had lower pain scores at 2 h {mean difference (MD) -0.48 [95% confidence interval (Cl): -0.83, -0.15]; and 24 h [MD -0.43 (95% CI: -0.62,
-0.35]] after surgery. Dexamethasone-reated patients used less opioids at 2 h [MD -0.87 mg morphine equivalents (95% CI: -1.40 to -0.33]]
and 24 h [MD -2.33 mg morphine eguivalents (95% CI: -4.39, -0.26)], required less rescue analgesia for intolerable pain [relative risk 0.80
(95% CI: 0.89, 0.93)]. had longer time to first dose of analgesic [MD 12.06 min (95% CI: 0.80, 23.32)], and shorter stays in the post-
anaesthesia care unit [MD -5.32 min (95% CI: -10.49 fo -0.15)]. There was no dose-response with regard to the opioid-sparing effect. There
Was no increase in infection or delayed wound healing with dexamethasone, but blood glucose levels were higher at 24 h [MD 0.39 mmol
litree(-1) (95% CI: 0.04, 0.74]].

CONCLUSIONS: Asingle iv. perioperative dose of dexamethazone had small but statistically significant analgesic benefiis.

PMID: 23220857 PMCID: EMC3544008 D01 10.1083/bjalaes431

[Indexed for MEDLINE]  Free PMC Article
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Perioperative adjuvant corticosteroids for post-operative analgesia in
elective knee surgery — A systematic review
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Practical Conclusions:
Multimodal Analgesia

® Itremains unclear, which combinations of how many compounds
should be used?

® In practical terms current routine use for systemic analgesia
should include:

- Paracetamol
- Parecoxib/Celecoxib (if no renal contraindications)

- Pregabalin (one single preoperative dose)

» In selected patients
~ Low-dose ketamine (opioid-tolerant, neuropathic pain, prevention)
- Systemic local anaesthetics (major surgery, in particular abdominal
surgery without epidural analgesia)
- Alpha-2 agonists (agitation?, withdrawal?)
Sctug ot 8 Ao Pac Manaperent Schendilo Evidence © edson ANZCARF PMANZCA



Ciel liecby POB

,» Importantly, the goal of any pain therapy should be it's

ability to improve perioperative outcome and ambulation
rather than achieve a specific pain score.”

JP Joshi, H Kehlet 2013




Perioperacna analgézia
a
imunitny system pacienta

Jana Simonova
|.KAIM UN LP a UPJS-LF Kosice

CEEA
30. november 2019, KosSice



Uvod

Chirurgicka lieCba + Adjuvantna onkologicka lieCba
Neoadjuvantna onkologicka lieCba

Perioperacné obdobie — stresova reakcia organizmu na
chirurgicky vykon — vyznamne ovplyvnuje funkciu
Imunitného systemu



Nadorova disseminacia

. - schopnost’ NB migrovat, uhniezdit sa a proliferovat
- schopnost' IS tieto NB rozpoznat' a eliminovat

... faktory, ktoré negativne ovplyvnia funkciu IS,

mozu mat’ zasadny vplyv na priebeh ochorenia.

(Neeman, Ben-Eliyahu, 2013)
1. Stresova reakcia na operacny vykon, bolest
2. Perioperacné poskodenie tkaniv
(DAMPs — cytokiny...)
3. Podchladenie
4. LieCebné postupy - transfuzna lieCba
- anestetika/analgetika
(Levins, Buggy, 2015)



o CF

» Literarne udaje + vysledky vyskumov + panelove diskusie
expertov roky 2016 a 2017

|

Impact of perioperative pain management on cancer
recurrence: an ASRA/ESRA special article 01/2019 RAPM



* Retrospektivhe epidemiologickeé studie naznacuju ....

...rézne spOsoby vedenia anestézie a pooperacnej analgézie réznou
mierou ovplyvnuju riziko recidivy nadorového ochorenia

(Chen a Miao, 2013)

* Prospektivne studie (zamerané na dlhodobé prezivanie)
prinesu podklady pre zmenu lieCebnej stratégie (Byrne et al., 2016)

* In vitro, in vivo a klinické studie ... OPIOIDY — zasadny faktor,
ktory negativne ovplyvnuje disseminaciiu nadorového ochorenia —
ich mnohouroviovym vplyvom na metastaticku kaskadu



\OP Opioidneé receptory

EC — N terminalny koniec

mi, kappa, delta, ORL-1

Lokalizacia:
-CNS, PNS, GIT, KVS, UGS
- na bunkach IS (imunomodulaény efekt)

IC — C terminalny koniec _na nédOFOV}’/Ch bb .-
Ca pluc (Singleton et al., 2014)
1 Kolorektalny Ca (Nylund et al., 2008)
Nadmerna expresia OR nadorovymi bb. —
G protein negativny vplyv
1 na progresiu primarneho TU a MTS
(Zhang et al., 2015)

l cAMP, K*kanal, Ca*kanal
signalne drahy — progresia
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Periférny mechanizmus — OR na bunkach IS

OPIOIDY

— T

Makrofagy: fagocytoza, produkce T-lymfocyty: Th1 cytokiny, aktivace
cytokind, baktericidita, rekruitmeant B-ymfocyty: produkce protilatek,
Neutrofily: produkce cytokin exprasa MHC-, proliferace

a chemokind, baktencidita, migrace

Mastocyty: ThNF-Q, permeabilita
membrany
NK bufnky: cytotoxicita

Dandritické bunky: prezentacs
antigend

Stfevni bariéra: integrita banéry

— 7




Imunomodulacné pésobenie OP

« efekt na IS — komplexny — ovplyvni ho:
1. druh opioidu — molekularna struktura
MO, FNL, kodein, metadon — najviac imunosupresivne
tramadol, hydromorfon, oxykodon, hydro-)
buprenorfin — aj imunostimulacne (Martucci, 2004)
2. davka
3. diZzka podavania a spdsob podavania (Yokota, 2000)
* Vysledok — negativne ale i pozitivhe ovplyvnenie IS
(Liang, 2016)



lll. PGsobenie opioidov v CNS

1. Interakcie neuroendokrinné (H-H-NO)- skor dihodobé uzivanie

< G
'l'
Hypothalamus Hypothalamus
= VO
&Ameﬁm &bnteﬂor
/" pituitary ituitary
@. \
*@
.. Ovaries v N
* ® *BTESIES

2. VNS - tonus sympatika
- akutne podanie



1. Ovplyvnenie osi H-H-NO

« ACTH - kortikoidy - l cytotoxicity NK bb (vuong, 2010)

jeden z hlavnych pilierov protinadorovej imunity
(YangQ, 2006)

1. rozlisia bunky cudzie
2. odstranuju ich bez potreby predchadzajucej senzitizacie

NK bb.:
vyznamna uloha v inhibicii rastu primarneho TU aj MTS



2. Ovplyvnenie VNS

VNS inervuje - primarne (slezina, tymus)

- sekundarne (LU, payerove plaky) LO

Aktivacia SYMP — KA - | proliferaciu Ly,
proliferaciu NK bb.
vaktivitu Mak

Aktivacia a-adren rec. - supresia NK bb.

A

Aktivacia 3-adren.rec. - supresia Ly (Neeman, 2012)

VEGF
L



NSA — blokatory COX-2

« ASP - lriziko kolorektalneho Ca

« Kolorektalny Ca - Texpresia COX-2 (epitelové/endotelové bb)
(staging — frekventné MTS,| prezivanie)

« (Ca prsnika

« Ca pluc (70-90%)

Summary: strong recommendation for use
weak to average evidence



Kortikoidy

« supresia NK buniek
» 1 odolnost nadorovych bb. vodi apoptoze

* 5 rocneé sledovanie pacientov (Singh et al., 2014)
dexametazon (4-10 mg) vs. placebo
pred kolektomiou
pred nemalobunkovym Ca pluc
= ,disease-free survival
| frekvencia vzdialenych MTS
nesignifikantne T,,cancer-specific“ mortalitu

Summary: conflicting weak recommedations for and aginst use



Ketamin — antagonista NMDA

 Interakcie s OR, muskarinovymi receptormi, Ca kanaly...

« protizapaloveé ucinky — Neu, makrofagy

* sedativne ucinky

* Forget et al.: ketamin a klonidin podany pred OP —
signifikantne | vyskyt placnych MTS

. Beilinetal.: 0,15 mg/kgi.v.: !IL-6 a TNFa

Summary: weak evidence ketamin vs FNL - \ plicne MTS

0,05-0,1mg/kg i.v., kont. 0,25mg/kg/hod



LA - 1.v. lidokain

« Analgetické + antihyperalgické ucinky
(inhibuje: VGSC, K*, Ca?*, glycinergny systém, NMDA)
* Protizapalové ucinky
adhezivitu a migraciu Leu | ,priming“ T a B Ly
IL-103, IL-6, IL-8
+ Pg, TX, LT, histaminu z mastocytov
* AntiMTS uCinky?
- bb. so silnym MTS potencialom — hyperexcitovane BM
expresia VGSC (Nav 1,5) + down reg. VGKC,
TRPV6 Ca2* (migracia) - prsnik, prostata, ovarium, HC
- apoptoticky efekt amid LA — NSCLC, karciném SZ



LA - 1.v. lidokain

Summary: in vitro studie - strong evidence
protektivny efekt LA
malo predklinickych a klinickych studii

Slubné data zo $tudii na zvieratach + | riziko
weak recommendation

1-3mg/kg teCie 20-30 minut
0,5-2mg/kg/hod kontinualne



Alfa-2 agonisti - dexmedetomidin

* Protizapalové ucCinky l cytokinov— LPS

* Pronadorové ucinky?

- nadorove bb. pankreasu a prsnika - T expresia a, rec.

- in vitro/in vivo Studie - proliferacia, migracia a invazia
bb. Ca prsnika po expozicii DEX

« Summary: in vitro Studie — bunkové studie



Nervove bloky

« Retrospektivne studie — rézne zavery
. Studie: priamy efekt RA — angiogenézu (hladiny VEGF)
GA/opioidy vs TIVA/PVB

« Summary: weak evidence (z retrospekt. analyz)
RA méze| riziko MTS
Conflicting weak recommendation for and against use,
weak evidence



Neuraxialne blokady (humanne studie)

 RCTs - Ca ovaria, Ca cervicis uteri - ak EA:
- Ca pazeraka, Ca zaludka - ak hrudna EA:
1. signifikantne lepSia funkcia NK bb.
2.1 hladiny proinflamatérnych cytokinov
« Ale nie u pacientov s Ca prostaty, hoci:
- ak EA:| hladiny IL-17 (angiogeneza)
Summary: 5 RCTs — small-to-moderate protective role
EA na funkciu IS a zapalovu odpoved
strong evidence, weak for using

DalSie studie: ...ako sa toto jasne pozitivne ovplyvnenie 1S
premietne do lepsieho prezivania pacientov.....



Zaver

Incidencia MTS a recidivy TU po kurativhej OP —
multifaktorialna etiolégia, ale
perioperacné obdobie toto mbze signifikantne ovplyvnit

Onkologicki pacienti podstupuju aj neonkochirurgické op., ...

Nie je mozné na zaklade dostupnych vysledkov vydat jasne
odporucania pre zmenu klinickej praxe ....

... ale isté smery vyskumu su vytycené!



Dakujem za pozornost



