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Neuroanestezie

= anesteziologicka péce u neurochirurgickych
nemocnych

= anestezie u operaci:
mozku (nadory, trauma, aneurysma, AV malformace)

patere a michy
perifernich nervu

+ desobliterace carotis



Specifika neuroanestezie

nervova tkan je cilem jak neurochirurgickeé intervence,
tak mistem ucinku anestetik

minimalni tolerance neuront k hypoxicko-ischemickému
poskozeni

prostorové léze + edém = narUst ICP + porucha perfuze



Snizeni ICP

e prohloubeni anestezie
— intravenozni anestetika (zména na TIVA)
e drenaz mozkomisniho moku
e svalova relaxancia
* hyperventilace (30-35mmHg)
* osmoticka diuretika



ERAS guidelines

e Anaesthesia

e Bariatric
* Breast
e Cardiac

 Colorectal

e Cytoreductive

* Emergency Laparotomy
* (Gastrectomy

* Gastrointestinal
 Gynaecology

e Head & Neck

* Liver

* Liver Transplant

* Lumbar Spinal Fusion

* NeonatalObstetricsOesophagectomyOrthopaedicPancreaticThoracicUrologyVascul
ar
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Implementation of the Enhanced Recovery After
Surgery (ERAS®) program in neurosurgery

Acta Neurochirurgica (2023) 165:3137-3145,REVIEW ARTICLE
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pituitary neuroendocrine tumors (Pit-NET) resected by a transsphenoidal approach
and craniosynostosis (Cs)

The ERAS Pit-NET team included 8 active members.

Through the ERASR certification process, areas for improvement were identified,
local protocols were written, and the ERASR program was implemented.

Patient-centered strategies were developed to increase compliance with the
ERASR protocols. A prospective database was designed for ongoing program
evaluation.

Certification was achieved in 18 months. Direct costs and time requirements are
reported.

Conclusion Successful ERASR certification requires a committed multidisciplinary
team, an ERASR coach, and a dedicated nurse coordinator.



Implementation of the Enhanced Recovery After
Surgery (ERAS®) program in neurosurgery

* Preoperative fasting was shortened and the endocrinologist updated perioperative
hormonal replacement protocols.

 The anesthesiologist revised all anesthetic protocols, focusing specifically on pain
management and fluid therapy, that was limited to 1500 ml during the first 4 h of
surgery.

* |nvasive measures were limited to selected cases: namely a urinary catheter was
used only in surgeries expected to last more than 3 h, while an arterial line was
limited to ACTH—or GH-secreting PitNET.

* Early mobilization and feeding represented two important key points in the post-
operative management to obtain an early discharge that was fixed 3 days after
surgery (except in case of complication).



Implementation of the Enhanced Recovery After
Surgery (ERAS®) program in neurosurgery

 The pediatric anesthesiology and intensive care teams worked
together to standardize perioperative sedation and analgesia
protocols, as well as blood product and fluid management.

e A particular effort was made to maintain a temperature between
36.5 and 37.5° C and to limit blood loss during surgery through the
systematic administration of tranexamic acid.

* The surgical technigue was also standardized, along with the
assessment of the aesthetic outcomes.

e Systematic pain assessment through the use of the FLACC scale was
an important point added in the early postoperative management,
along with a controlled administration of opioids.



Enhanced recovery after surgery — ERAS in elective

craniotomies-a non-randomized controlled trial
Elayat et al. BMC Neurology (2021) 21:127

 We wished to compare the length of intensive care unit (ICU) or high dependency
unit (HDU) stay of patients undergoing elective craniotomy for supratentorial
neurosurgery: ERAS protocol versus routine care.

* Elements-of-care in the ERAS group were- Preoperative —family education,
complex-carbohydrate drink, intraoperative — scalp blocks, limited opioids,
rigorous fluid and temperature regulation

 Postoperative early mobilization, removal of catheters, and initiation of feeds.

 The two groups were compared with regards to the length of ICU stay, pain scores
in ICU, opioid requirement, glycemic control, and hospital stay duration.

Conclusion: The study demonstrated a significant reduction in the proportion of
patients requiring ICU/ HDU stay > 48 h. Better pain and glycemic control in the
postoperative period may have contributed to a decreased stay.



Goal-directed hemodynamic therapy
(GDHT)

* Cilena hemodynamicka optimalizace (GDHT) je komplexni
skupina intervenci zameérenych na zlepseni dodavky kysliku a
tkanové perfuze, ktera se uspeésnée pouziva v nékolika
chirurgickych indikacich v perioperacnim obdobi.

e Ke stanoveni riznych hemodynamickych hodnot lze pouzit
mnoho pristrojl

* invazivnich

* minimalné invazivni

e jejichz pouziti umoznuje pomoci intravenoznich tekutin a
vazoaktivnich 1ék{ zacilit na predem definované cile.



Goal-directed fluid therapy-technika

balancované roztoky 3ml/kg/hod ke kryti nechirurgickych ztrat
monitorace pomoci dynamickych metod — SVV,PVV
dalsi metody — transesofagealni Doppler, bioimpedance, TEE ...

SVV,PPV>10-15% - fluid responder — bolusy 250 ml krystaloidu
k dosazeni variace pod 10%

pri vyuziti monitorace SV je cilem dosazeni optimalniho IV
objemu s maximalnim SV

podani roztoku je ukonéeno pfi dosazeni normovolemie
K bolusim pouzivany krystaloidy



Doporuceni

Po celé perioperacni obdobi udrzovat normovolémii k
dosazeni optimalni tkanové perfuze

Hypovolémie i hypervolémie jsou spojeny se zvysenou poop
morbiditou

Hypovolémie — vliv predoperacniho stavu, faktort spojenych s
anestezii a operacnim vykonem, usti v pokles CO a organové
perfuze

Hypervolemie — dUsledek excesivniho privodu tekutin, mize
vyvolat otok tkani, zhorseni tkanové perfuze a vyznamnou
retenci tekutin

Monitorace:tradicni statické parametry — TK,TF,CVP,diuréza,
nemohou odhalit tkanovou hypoperfuzi



Dynamické parametry

stanoveni odpovedi na tekutinovou vyzvu a
vedeni GDT

variace arterialni krivky- PPV,SVV,event CO, SV
UTZ technologie — esofagealni Doppler, TTE, TEE
dalsi — bioimpedance...

laboratorni vysetreni- laktat, Mac — intermitentni
odbéry, neni informace o akutni zmeény



Volba tekutiny

e doporuceny balancované krystaloidy, prednost pred
FR nebo koloidy, k udrzeni normovolemie, bolusy 250

ml jako tekutinovou vyzvu, hrazeni krevnich ztrat
1,5:1

e Koloidy- nékteri lékari preferuji k nahradé koloidy vcC
albuminu, 1:1, neni signifikantni benefit oproti
krystaloidim



GDHT u neurochirurgickych vykonu

e pacienti podstupujici rozsahlé neurochirurgické vykony
jsou vystaveni riziku nedostatecného intravaskularniho
objemu

e pretizeni tekutinami muaze prispét ke zhorSeni edému
mozku.

* nadruhé strané podavani diuretik vede ke snizeni edému
mozku

* snizeni predoperacniho prijmu tekutin a intraoperacni
ztraty krve vedou ke snizeni intravaskularniho objemu

* snizeni pratoku krve a zdsobeni mozku a dalSich tkani
kyslikem, coz vede k organové dysfunkci



Osmoterapie - Manitol

e osmotické diuretikum, nastup ucinku za 10-15min. ,
davkovani 0,25-1g/kg,(320mOsm/kg)

* vede k expanzi plasmy, {, hematokritu, viskozity krve
a ICP, T CPP a zlepsuje CBF




Hrdy et al. Perioperative Medicine (2023) 12:32

https://doi.org/10.1186/s13741-023-00321-3

Effects of goal-directed fluid management

guided by a non-invasive device on the
incidence of postoperative complications in
neurosurgery: a pilot and feasibility randomized
controlled trial

Ondrej Hrdy, Milos Duba, Andrea Dolezelova, lvana Roskova, Martin Hlavaty, Rudolf
Traj, Vit Bonisch, Martin Smrcka and Roman Gal



Kritéria pro zarazeni a vylouceni

Age 2 18 years ASA category IV

Expected duration of surgery 2 2 hours Surgery for traumatic brain injury or acute hemorrhagic stroke

Written informed consent Osmotherapy used prior surgery

American Society of Anesthesiologists (ASA) category I-lll Operation position other than lateral or supine

Unavailability of hemodynamic monitoring

_ e T



Anestezie

* celkova anestezie byla navozena intravendznim podanim
propofolu. K dtlumu hemodynamické odpovédi na
laryngoskopii byl pridan sufentanil.

e pro usnadneéni intubace bylo pouzito rokuronium.

e po trachealni intubaci byla zahajena UPV: dechovy objem 8-10
ml/kg, dechova frekvence 10-14/min k udrzeni end-tidal CO2
mezi 30 a 35 mmHg.

* anestezie byla udrzovana infuzi propofolu a dalsi davky
opioidl a relaxancii byly podavany podle uvazeni osetrujiciho
anesteziologa.

* teplota pacientu byla udrZzovana v rozmezi 36-37 °C pomoci
cirkulujici vodni prikryvky.



Hemodynamicky monitoring a tekutinova
optimalizace

e vjednom rameni (STANDARD) bylo perioperacni
hemodynamické fizeni a pooperacni péce ponechana
na uvazeni osetrujiciho anesteziologa a intenzivisty

e ve druhém rameni (GDHT) bylo kromé standardniho
monitorovani vitalnich funkci pouzito neinvazivni
hemodynamické monitorovani.



The Starling™ SV System

Systém Starling™ SV je prenosny neinvazivni pristroj pro monitorovani srdecniho
vydeje (CO) zaloZzeny na technologii BIOREACTANCE®, ktery je schopen predpovédét
reakci na intravendzni podani tekutin v situacich kritické péce podobné jako invazivni
metody (napf. jicnovy doppler).

 méri srdecni frekvenci (HR)

* tepovy objem (SV)

 variaci tepového objemu (SVV)

e stredni arterialni tlak (MAP)

e systolicky krevni tlak (SBP)

 diastolicky krevni tlak (DBP)



Hemodynamicka optimalizace

* kdykoli byla SVV vyssi nez 15 %, byly podavany bolusy koloid(
(Gelaspan 4 %, 250 ml)

e v pripade, ze SVV byla vyssi nez 15 % a Cl se snizil dalsim
bolusem koloidu, byla zavedena inotropni |écba (dobutamin).

* v pripadé hypotenze se stfednim arterialnim tlakem (MAP)

pod 65 mmHg pri SVV nad 15 % byl podan bolus 250 ml
koloidu.

e pokud doslo k hypotenzi s MAP pod 65 mmHg a SVV pod 15
%, zahdjili jsme |é¢bu pomoci vazopresoru.



Algoritmus hemodynamické optimalizace

basal infusion of balanced crystalloid
3 mL/kg/h

YES

NO YES NO

SVV=>15% SW=>15% Cl optimal dobutamine

NO YES

norepinephrine colloid bolus 250 mL




Perioperacni hodnoty

. GDHT STANDARD
Characteristic
(n=17) (n=17)

Patients with unsatisfactory brain tissue relaxation 4(23.5%) 4(23.5%) 1

During surgery
Number of patients transfused 3(17.6%) 2(11.8%) 0.628
Number of patients with hypotension episode 7(41.2%) 6(35.3%) 0.724

Number of patients with vasoactive drug intervention 7(41.2%) 4(23.5%) 0.271
Number of patients with fluid bolus 11(64.7%) 6(35.3%) 0.086

Number of patients with brain oedema requiring intervention 0 0 -




Pocet komplikaci

el B = = il Gl
tcome n=17 n=17

[ Minor | 11(64.7%) 12(70,6%) 0.714
[ Major | 0(0.0%) 1(5.9%) 1

[ Minor | 10(58.8%) 11(64.7%) 0.724
[ Major | 1(5.9%) 3(17.6%) 0.287
| Infection |

[ Minor | 1(5.9%) 4(23.5%) 0.146
| Major | 0(0.0%) 0(0.0%) -

[ Renal |

| Minor | 0(0.0%) 0(0.0%) -

| Major | 0(0.0%) 0(0.0%) -

[ Minor | 7(42.2%) 7(42.2%) 1

| Major | 0(0.0%) 0(0.0%) -

[ Minor | (5.9%) 2(11.8%) 0.545
[ Major | 2(11.8%) 3(17.6%) 0.628
[ Minor | 4(23.5%) 2(11.8%) 0.628
| Major | 0(0.0%) 0(0.0%) -
16(94.1%) 15(88.2%) 0.545
2(11.8%) 6(35.3%) 0.105
Any 15(88.2%) 16(94.1%) 0.545

complications
ICU LOS (days) 7+9.9 8+9.6 0.569
Hospital LOS 0.976

[y
i

+
(o)}
(6,
=
w

+
[ole]
w

(days)



Vysledky

e proveditelnost a bezpecnost pristupu GDHT s
oouzitim neinvazivniho systému Starling™ SV u
nacientu podstupujici neurochirurgicky vykon (34
dospélych osob)

e zadny pacient nemel béhem nebo 24 hodin po
vykonu po operaci neuspokojivou relaxaci
mozkové tkaneé nebo otok mozku vyzadujici [éCbu

* komplikace se vyskytly u dvou (11,8 %) pacientu
ve skupiné GDHT a u Sesti (35,3 %) pacientU
kontrolni skupiny (p = 0,105).




Cile studie

* testovanad skupina pacientt (n=70)

e cilem této studie bude posoudit bezpecnost a ucinnost
hemodynamické optimalizace pomoci neinvazivniho
systému Starling™ SV u elektivni neurochirurgickych vykon

e srovnani s kontrolni skupinou (n=70)

* hemodynamicky management se bude ridit standardnim
monitorovanim vitalnich funkci



Primarni cile

. Akutni poskozeni ledvin (stadium 1, 2, 3 podle doporuceni KDIGO)

. Syndrom akutni respiracni tisné (ARDS, podle berlinské definice syndromu respiracni tisné)
. Arytmie (mirna/stredné tézka/zavaina)

. Srdecni zastava

. Kardiogenni plicni edém (mirny/stiedné tézky/tézky)

. Hluboka Zilni trombdza (DVT; mirna/stfedné tézka/zavaznad)

. Plicni embolie (PE)

. Delirium (skére 24 podle kontrolniho seznamu pro screening deliria v intenzivni péci)
. Krvaceni z gastrointestinalniho traktu (mirné/stfedné zdvainé/zdvaziné)

. Infekce, zdroj nejasny (mirnd/stredné tézka/zavaina)

. Laboratorné potvrzena infekce krevniho recisté (mirnd/stredné tézka/tézka)

. Infarkt myokardu (lehky/stfedné tézky/tézky)

. Poskozeni myokardu po nekardialni operaci (MINS)

*  Zapal plic (mirny/stfedné tézky/tézky)Paralyticky ileus (lehky/stfedné tézky/tézky)

. Pooperacni krvaceni (stredné tézké/tézké)

. Cévni mozkova prihoda (lehka/stredné tézka/tézka)

. Infekce v misté operace (povrchova; mirna/stredné tézkd/zdvaina)

. Infekce v misté chirurgického vykonu (hluboka; mirna/stfedné tézka/zavazina)

. Infekce mocovych cest (mirnd/stredné tézka/tézka)



Sekundarni cile

* sledované parametry:

e soba trvani operace (min)

e LOS (den prijeti - den propusténi se pocita jako 1
den)

* LOS na jednotce intenzivni péce (den prijeti - den
propusténi se pocita jako 1 den)

« 28 denni mortalita (pocet pacientu, kteri neziji 28 dni
po randomizaci)



Srovnani hemodynamickych charakteristik
mezi studovanymi skupinami

* MAP (mmHg; pred operaci, po operaci)
* HR (Bpm; pred operaci, po operaci)

* SVV (%, pred operaci, po operaci)

e pocet epizod hypotenze

 MAP pod 65 torru

e pocet podani vazopresoru



Srovnani laboratornich hodnot

* Hemoglobin (g/l; pred, a v 24hodinovém pooperacnim obdobi)
* hladina laktatu (mmol/L; pred, a v 24hodinovém poopera¢nim obdobi)
* srovnani tekutinové bilance a podanych tekutin mezi skupinami

Sledované parametry:

* objem krevnich ztrat (ml/kg; béhem operace a v 24hodinovém pooperacnim
obdobi)

« vydej mocéi (ml/kg/hod; béhem operace a ve 24hodinovém pooperacénim obdobi)

* pocet podanych jednotek balenych RBC (béhem operace a ve 24hodinovém
pooperacnim obdobi)

* pocet subjektl, kterym byla podana transfuze (béhem operace a ve 24hodinovém
pooperacnim obdobi)

* spotieba krystaloidnich a koloidnich roztokl (typ a celkovy objem infuze béhem
operace a ve 24hodinovém pooperacnim obdobi)

* bolusy krystaloidd (ml; béhem operace)
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