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CucremHaa remognHamMmKa u
MHPy3una npu CAK

* HeknmMnmupoBaHHble aHEBPU3MDbI
 KnnnmnpoBaHHble aHEBPU3MbI
* «OrnyweHHbI MMOKapAa»

* HapylweHne MUKpPOLUPKYNALNN
(«3amepneHne KPOBOTOKA»)

e Basocnasm + (coxpaHHasi/HapyLleHHaHs
aytoperynauma MK)
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MHTpa- 1 3KCTpaKpaHUaNbHbIe
nocneacrsna CAK

e [loBTOpHOE KpoBOU3NMNAHME (CMEPTb
B CTaLuMoHape)

e OcTpo pa3BmBatoL@ACA rngpouedanms
e Cyaooporu

* [Mnornnkemma, aHemms

* JlInxopagKa

* [MnoHaTpmnemma



Pa3pbiB aHEeBpPU3MbI

HU N HeRpoxupypriu
um.Byprexxo PAMH



[peaynpexkaeHne NOBTOPHOIO KPOBOU3AUAHMA

e Al [OONHO  KOHTPOAMPOBATLCA  TUTPYEMbIMU
npenapatamu, no3ponawwWMmM  banaHCcMpoBaTb
MeXAY PUCKOM KPOBOU3IUAHMA U HOPMUPOBAHUA
nwemmn (rmnoteHsuns), obecneymBad ageKBaTHOE
LI,I'I,EI, (Class I; Level B)

e Al cuct < 140(160) mmpt.ct (AOD cp< 110)
PauMoHanbHO (B3pOC/ible NALMNEHTbI)
(Class Il; Level C)

e Connolly et al. Management of Aneurysmal SAH 2012



[MNOTEeH3MBHbIE NpenapaTbl B
HenpopeaHMmaLuuu




BanAaHue ypanmnanna
Ha MO3roBOW KPOBOTOK

-10

-15

-20

-25

-30

MN3meHeHue cpenHero CBF B %

-35

ypanuaun

HudeaANNUH

HUTponpyccua

n: 45 (OCTPbIN UHCYNLT)

[lo3a:

ypanuaun: 0,2-0,3Mr/kr
(6ontocHo), 3atem 0,0013-0,0026
Mr/Kr/ MUH

HudeannuH: 0,01-0,02 mr/kr
(6ontocHo)

3atem 0,00013-0,00026
MI/Kr/MUH

HuTponpyccua: 0,0002 mr/kr/MmuH

Ypanuaun - HaumeHblwme nameHeHua B CBF no cpaBHeHMUIO C
HUEANMUHOM N HYTPOMPYCCUAOM (OCTPbIM NEPUOA UHCYNbTA)

Hartmann A. et al., Poster publication from 24 Arbeitstagung fur Neurologiche intensiv und notfallmedizin, Chemnitz, 2007




Anroputm HUWM Henpoxupyprmm nm.H.H.bypaeHko
BBeAeHUA ypannauna (36paHTrna) Ana KoppeKkumm
apTepuanbHOM rMNEepPTEH3UN B NOC/eonepaunoHHOM nepuoae

23 nauMeHTa Nocae HEMPOXNPYPTrNYECKUX BMELLATENbCTB

MNoabem Acuct > 180 mMm.pT.CT. 36paHTUA NO CXxeme

OTBeT 4epes 2 MUH.

v

B.B. 25 Mr ypanuguna

yepes 2 MUH. l Het oTBeTa
Ctabunusauun

OTBET Yepes 2 MUH. apTepuanbHoro

v

B.B. 25 Mr ypanuguna

AaBeHusa npu
NnoMoLu MHdy3nmn
5—-40 mr/v

yepes 2 MUH. l Het oTBeTa

OTBET 4Yepe3 2 MUH.
MeaneHHoe B.B. 50 mr P

v

ypanuguna




HopN\an bHbl€ MOKa3dTe/iIn cepaeydHo-

COCYAMNCTOM CUCTEMBbI (Half K.S, 1990).

Bo3pacTt HCC Al cuct | Ad gnact | ALl cpea
1-3roga| 100-160 | 85-105 53-66 65
4—-11 net| 80 -120 | 95 -108 55 -66 67

12-18 | 80 -120 | 97-120 57 -70 70

net




TABLE 10

Antihypertensive Drugs for Management of Severe Hypertension
in Children 1-17 Years Old
Most Useful*
Drug Class Doset Route Comments
Esmolol -blocker 100-500 mcg/kg/min iy infusion Very short-acting—consta
infusion preferred. May
cause profound bradycarc
Produced modest reductic
in BP in a pediatric clinic:
trial.
Hydralazine Vasodilator 0.2-0.6 mg/kg/dose 1v, im Should be given every 4 h
when given iv bolus.
Recommended dose is lov
than FDA label.
Labetalol o- and §3- bolus: 0.2-1.0 iv bolus or Asthma and overt heart
blocker mg/kg/dose up to 40 infusion failure are relative contra-
mg/dose indications.
infusion: 0.25-3.0
mg/kg/hr
Nicardipine Calcium 1-3 mcg/kg/min iv infusion May cause reflex tachyca
channel
blocker



Cuctonndeckoe Al <160 mmpT.cT. HO
JYBOJIEMUA!

e [lpmeHeHune rTMNOTOHUYHbIX PACTBOPOB 7
aernapatauma He onpasganbl (Class lll; Level B)

* MOHUTOPUHT BOJIEMUYECKOro CTaTyca C
ncnonb3osaHmem UBJ, N3J/1A, 6banaHca »KUAOKOCTH,
OnpaBAaHO, KaK W  KoppeKkuua runosonemumm
coyeTaHMemM  KPUCTA/IJIOUAHBIX U KOAJIOUAHbIX
pactBopos (Class II; Level B)

Connolly et al. Management of Aneurysmal SAH 2012



JyBO/IEMUA Y AEeTEN

Table 8.1 Daily fluid requirements

kg ml/kg/h
<3 6
3-10 4
11-20 2
=20 ]

NICE guideline

Published: 2 December 2015
nice.org.uk/guidance/ng2<




NMHbV3INA v neten

Fluid resuscitation

= |f children and young people need IV fluid resuscitation, use glucose-free crystalloids” that
contain sodium in the range 131-154 mmol/litre, with a bolus of 20 ml/kg over less than
10 minutes. Take into account pre-existing conditions (for example, cardiac disease or kidney

disease), as smaller fluid volumes may be needed.

= |f term neonates need IV fluid resuscitation, use glucose-free crystalloids[’]that contain sodium
in the range 131-154 mmol/litre, with a bolus of 10-20 ml/kg over less than 10 minutes.

Routine maintenance

= |f children and young people need IV fluids for routine maintenance, initially use isotonic
crystalloids™ that contain sodium in the range 131-154 mmol/litre.

= Measure plasma electrolyte concentrations and blood glucose when starting IV fluids for
routine maintenance (except before most elective surgery), and at least every 24 hours

thereafter.

Intravenous fluid therapy in children and
yvyoung people in hospital

NICE guideline
Published: 9 December 2015
nice.org.uk/guidance/Nng29




[MNOHaTpUemMuA
npu CAK B 35% Habn.

Wijidicks EFM. Et al, 1985; Shimoda et al, 1989 Aimaretti G, 2005



[MNOHaTPUemMmmA

[MNoOHaTpMeMmna He3aBUCUMbIN PaKTOP
HebnaronpuaTtHoro ncxoaa npu CAK

Sayama T., et al. Neurol Res 2000., Querishi Al, et al., Neurosurgery 2002



CAK
| |

BbIOpoCc MO3roBoro n npeacepaHoro
HaTPUNypeTn4yecKoro nentmpa

NMonnypusa c notepen Na

L

TMNOBOJIEMUA w TMIMOHATPUEMUA

. ]

Bbiopoc AAI

. !

Yeroinuueas | UTMTOHATPUEMUA Wijidicks EFM. Et al.,

npu Stroke 1991;
OtHocurensHon HOPMOBOJIEMUN Neurosurgery 1997




PekomeHaauMmn NO KOppeKL MM
rTMNOHATPUEMMUMN (aCAK)

* lcnonb3oBaHue bNyaKOPTU30HA 7
rMNepTOHNYECKOTro NaCl, onpaBAaHo ANS

npeagynpexgedmna wu KOppekunn rmnoHaTpmnemmmn
(Class Il; Level B)

e Connolly et al. Management of Aneurysmal SAH 2012



[MnoHaTpmnemuna Lletum

If acute symptomatic hyponatraemia develops in term neonates, children and
young people, review the fluid status, seek immediate expert advice (for
example, from the paediatric intensive care team) and consider taking action as
follows:

= Use a bolus of 2 ml/kg (maximum 100 ml) of 2.7% sodium chloride over 10-15 minutes.

= Use a further bolus of 2 ml/kg (maximum 100 ml) of 2.7% sodium chloride over the
next 10-15 minutes if symptoms are still present after the initial bolus.

= |f symptoms are still present after the second bolus, check the plasma sodium level and
consider a third bolus of 2 ml/kg (maximum 100 ml) of 2.7% sodium chloride over
10-15 minutes.

= Measure the plasma sodium concentration at least hourly.

= As symptoms resolve, decrease the frequency of plasma sodium measurements based
on the response to treatment.
NICE guideline

Published: 2 December 2015
Nnice.org.uk/cuidance/ g2

Do not manage acute hyps

alone.




[lepnonepaunoHHaa tepanma npu CAK XaHT-Xecc | - I

. Mepep, onepaunen - cmabuausayusa nayueHma:.

Cuctonnyeckoe Al — 120 — 140 mm.pr.cT (BO3pacTHbie HOPMbI)
Kpuctannongbl — 80 — 125 mn/uac
A- NnHNA

[locTenbHbIN pexum, ronoBHon KoHel, 30°

2. leHb onepauumn (oyeHKa OUHAMUKU COCMOAHUA -3Kcmybayus)

Cuctonnyeckoe Al —120-140 (12 yac) 3atem 120 — 180 mm.pT.CT.-
y AeTen HeT AaHHbIx!

MHeBMaTM4eckme yynkm +HMI (48 yac)
Kpuctannomnapl - 100 — 150 ma/yac, 6anaHc »kugkoctu (2 yac)
[onoBHOW KoHew, 30°



CAK XaHT-Xecc | — Il (npoponxkeHue)

1 - 3 cyTKM nocne onepauun
e Cucronndeckoe AQl—120 - 180 mm.prT.cCT.

e lonnnep (JICK cocyabl mo3ra)l2 yac exxeaHeBHO

®* KOHTpoOAab KT



40 Oliveira Manoal et oL Criricod Care (2016] 20:21
DO110.Y1E6/513054.016.1193.9
‘c: CRITICAL CARE

REVIEW Open Access

The critical care management of poor- @
grade subarachnoid haemorrhage

Airton Leonardo de Oliveita Mancel'®", Alberta GofTi® Tom R Marotta Tom A Schwelzer®
Siman Abrahamsen' and R. Lach Macdonald™




NHTeHcnBHaAa Tepanua npun aCAK XaHTt-Xecc Il -V
MNepep onepauunen :
HBA apeHupyet ¢ 15 mm.pT.CT.
B4 MOHUTOPUHT
Cuct AQ - 120- 160 mm.pr.cT.

UunAa = 60 mm.pr.ct. (40 mm pT.CT. — y AeTeN)
Kpuctannonapl — 75— 125 mn/yac, (cm.BO3pacTH HOpPMbl)
[lapeHTepasnbHOEe NUTaHue

A- NNHUA

HopmoTtepmusa (pusuueckas).

KoHTponb rnoKosbl (6 — 12 mmonb/n)
[1pOTMBOCYAOPOXKHAA Tepanua Ha 3 CyT

UHutyb6auusa /UBJ

MpodunakTnKa cTpecc-a3s, CTUMYAALNA KULLEYHUKA
[onoBHOM KoHew, 30° NHEBMATUYECKME YY/IKU



XaHT-Xecc lll =V (npogonkeHune)

[leHb onepauun
HeBponornyecknm MOHUTOPUHT
HB apeHupyeT c 0 - 5 mm.pT.CT.
B4l MOHUTOPUHT

Cucronuueckoe Al — 120 — 140 mm.pT.cT. (12 yac)
3atem 120 — 180 MmMm.pT.CT.- Y AeTen HeT AaHHbIX!
Kpuctannonapl — 100 — 150 mn/uac

T<375C
[onoBHOM KoHewl 30°

[MTHeBmaTu4yeckme yynkm + HMrI (48 yac)



XaHT-Xecc |l =V (npoaonkeHune)

Nocne onepauuun HeT Ba3ocnasma

PaHHAA TpaxeocTomua, ecam oxupaetca gautenbHaa UBJI.
HB apeHunpyet c 0 - 5 mm.pT.CT
BY/ MOHUTOPWUHT.

Cucronnuyeckoe Al—120 - 180 mm.pr.cT. UBO —-6-10
MM.PT.CT.

BanaHC }MAKOCTU KaXKAabln Yac

HopmoTepmmna npoToKon

[MpodunnakTnKa cTpecc-a3B, CTUMYAALNA KNLLEYHUKA
[onoBHOM KoHew, 30° nHeBmaTu4yeckme Yynku +HMI



[MpnHunnbl UT aCAK XaHT-Xecc -1V

ComaTtmnyeckme oCno*KHeHunA B3POC/ible:

e HenporeHHasn KapAnomuonaTms
(NnpenmyLecTs B3pocble)

e JleroyHble ocnoxkHeHua (Otek, NHeBMOHMA)
e BeHo3Haa Tpombo3dImbonua (nocne 9 net?)
* NHbeKunsa/IHOOKPUHHbIE HapyLLEeHUS

e CuctemHbin BocnanutenbHbit OTBET



OcTpoe HapyleHne AeATeNnbHOCTU CepAeYHO-
cocyauctomn cuctembl nocne CAK (Neurogenic stunned
myocardium)

[MpoABAseTCA CHUKEHNEM COKPATMMOCTU NEBOTO
YKeNyA04Ka He CBA3aHHbIM C HAapYLUEHNEM
KOPOHapPHOro KPOBOTOKA (8 -30% Habn.)

BbliasnAatoTCA:

e [loBbilEeHMNE YPOBHSA TPOMOHMUHA (20 - 30% naumerTos)
e JKI HapyLweHuns (25 -100 % HabnoaeHwit)

a. Ansputmmnu

b. UHBepcua 3ybua T

c. CmeweHuna nutepsana ST

Werweij RD, Arch Neurol 45 1019 -22, 1988



FIG. 1. Photograph illustrating a tako-tsubo, a Japanese octopus
catcher pot, which is strung by rope from Japanese fishing boats.
Anachoresis (living in crevices and holes) is typical behavior of oc-
topuses. Photograph by Sarah H. Lee.




B3anmocBA3b MO3r — cepale
Cungpom TACO-TSUBO

FiG. 2. Mustration of the heart depicting a normal (left) and abnormal (right) cardiac contraction. After aneurysmal
SAH. the cardiac contraction becomes abnormal, with apical and midventricle akinesia consistent with tako-tsubo cardio-
myopathy.

Lee VH et al. J Neurosurgery 2006; 105:264—-270.



KnnHuuyeckoe HabaoaeHune MN-Ha H. 34r

Pa3pblB aHEBPU3MbI NPaBON NEPUKANNEZHOM
aptepumn ot 24.09.17

XaHT-Xecc 3
Ounwep 3
KannnposaHue aHeBpusmbl 25.09.17






2 CYTKU nocne onepaunn

[loAaBneHmne n nporpeccupoBaHne NPU3HAKOB
AblXaTe/IbHOU N cepae4YHO-COCYANCTOU
He0CTaTOYHOCTHU

[lepeBoa Ha NBJI

HapacTtatowme Ao3bl Ba30NpPeccopoB
(HopaapeHanuH 0,5MKr/Kr/muH)

[aHHbIX 33 ocTpbln UHPapKT Mumnokapaa Het



HenporeHHbIn ornyweHHbI MMOKapA,

) ()

AKnHe3na 6a3anbHbIX OTAEN0B BCEX CTEHOK /1€BOr0
Kenyago4dKa

dpakuma sbibpoca 32%
Onnatauma neBoro Xenyaodka
BblpaxKeHHana peryprutauma Ha MUTPaIbHOM KnanaHe
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Pa3BepHyTbI remognHaAMNYECKNIA
moHuTopuHr (PiCCO

i
i,

femMoanHaMuyecke pacyeTbl

i8S cm
- 600k nnr 1.66
312 ninH
- Byanmmm Y0 32.8
*134 v pr.oiCCC 2332 770-1500 HMCCC
 ¥92umpr.oPITK 4.5 WPITDK
- 107 i pr.e YPITDK 47.8 NYPITK 28.85i

466 1n



Kapguommonatua Takoyy6o

[lockonbKy BaXHbIM MYCKOBIM (AKTOPOM PassuTUs kapauomuonatu Takolybo
CYMTaeTCs 0BHapyXeHue Cynpadu3nonOruyeckiy 103 KaTexonamuHos v CTpecc-
WHIYLMPOBAHHLIX HEMONENTUA0R B MNasMe KPOBM, TPAAWLMOHHbIE WHOTPOMM
MOryT BbITh He palMoHaNbHbIM BbIGOPOM ANR NIEYEHNA,

Ha HeKMHIYEcKou MOJAENN KaDAWOMUONETIM TE]KULWGO BbINo N0Kd3aHo, 410

NesoCMMER1aH CnocobeH BOCCTaHaBNMBAT dJyHKLlMHJ (epilla npu aniKanbHoM
182

dflPEHANNH - MHﬂIyLI,HDOBaHHOIﬁ KapaMoOMUONaTUn.



JleBOCMMeEHOaH

[loBbilaeT COKPATUMOCTb MNOKapAda be3
BAINAHUA Ha Pe/1aKCaluUio

Bnarogapsa akTMBHbIM meTaboamnTam -
ONNTENbHbIU

(7-14 nHen) apPeKT

PekomeHayemasn go3sa 0,1 mkr/kr/muH B Bnae
MHPY3UU B TeyeHUe 24 yacos



Cumpanc
Nevocumenrpatt

2.5 mr/mn

HWuBHTpuT AR H
PUroTopneHuA pﬂC"'wl
Ans MHyIMIA

Smn

134218-1

—
-




[locne Harpy3o4YyHOU A03bl
NeBoCMMEeHJaHa

i

‘ 36.1
37 pr.ciCCC 2102 770-1500
*93 hara pr.c1 PIK SRR
108w pr.cr YPIDK L

B mrpr.cn

v R | i*?aiﬂ",f



[locne Harpy3o4HOW A03bl
NeBOCMMEHAaHa

)

YeennueHune OB ao 40% 3a cyet ycnneHus
COKPATMMOCTUN MHTAKTHbIX (BEpXYLLUEYHbIX) OTAE/0B
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[IMHaMMKa remoaANHaMNYECKUX
NnoKasaTtesieu
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[IMHaMMKa remoaANHaMNYECKUX
NnoKasaTtesieu
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Cardiac Index
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5e CYTKU

e [MonHaa ctabunmnsauma remoamHaMmNKU
e OTCYyTCTBME BA30MNPECCOPHOU NOAAEPHKKM
e Hopmanunsauma ®B n CA
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Delayed cerebral ischaemia after subarachnoid
haemorrhage: looking beyond vasospasm

M. J. Rowland®, G. Hadjipavlou, M. Kelly, J. Westbrook and K. T. S. Pattinson

Nuffield Division of Anaesthetics and FMRIB Centre, University of Oxford, John Radcliffe Hospital, Oxford OX3 9DU, UK
* Corresponding author. E-mail: mrowland@fmrib.ox.ac.uk

BrJ Anzesth. 2012 Sep;109(3)1315-29. doi: 10.1093/bjafass2E4.

PaHHee noBpexgeHne mo3ra» “early
brain injury” - 72 4yaca

!

OTcpovyeHHaa Nwemmna mo3ra



OTcpo4yeHHana uepebpanbHan
nwemma - 30% naumeHTos aCAK

KombuHauma:

* Basocnasm

e Cortical spreading depolarization
 LINTOTOKCHMYECKUN OTEK HEMPOHOB
e Mukpotpombosbl (+ SIRS)



BA3OCMNA3M —

otcpodyeHHoe ot CAK  cyXeHwue
apTepun, KOoTopoe nmeet
paguorpapuyeckmm  3KBMUBANEHT U

NPMBOAUT YMeEHbLEHUO nepdysmn B
COOTBETCTBYHOLLEN 30HE MO3ra



Basocna3sm

AHrnorpadpunyeckmnin (66%)

CMMNTOMaTUYECKUN  (OTCPOYEHHDbIN HEeBPONOrUYECKNI
nednumnT) (33 —46%)

PassuBaetcAc4 no 12 cyr

Aonntca po 21 cyt

Hanbonee 3HauMMmbI NpeanKTOpP KONMYECTBO KpoBM Ha KT
Basocnasm moxeT npusectu K MHCynbTy

HeT AOKa3aHHbIX MeToA0B NPOPUNAKTUKM Ba30Cna3ma

Heobxogmmo wusberatb runosonemmn U aprTepuasibHOU
runoteH3un (OntumanoHo AAcuct 140 -160 mmpr.cr.

Al cpepHee > 110 mmprT.cT)



Basocna3sm u oTcpoyeHHaa nwemma mo3sra nocne CAK

HumoannNMH NnepopanbHO, peKoMmeHAO0BaH BCem NaumneHTam C
CAK (class I; Level A)

[loppepr*kaHne aysonemumn n HopmanbHoro OLIK
PeKkomMeHA0BaHO, ANA nNpeaynpeXaeHuns

OTCpOYeHHOU UepebpanbHoM nwemmm nocne CAK
(Class I; Level B)

npO(I)MfIaKTMLIECKaFI dHIT'MOMNMaCTUKa UNu
rmnepsonemMmNAa He pekomeHO0BaHbl (Class I; Level B)

KT nepdy3ua nnm MP moryTt 6bITb UCMO/Ib30BaHbI A4
onpeaeneHnsa NOTEHUMANbHOM 30HbI MWWEMWUU (Class II; Level B)

e Connolly et al. Management of Aneurysmal SAH 2012



HunmoAannuH

He yBennymMBaeT npocBeT CNa3MMPOBAHHbIX COCYAOB

dddeKTbl aHTaroHucros Ca:

[MoBblWeHWe NoAaTAMBOCTU CTEHOK 3PUTPOLUTOB, YTO
y/ly4lllaeT peonormnyeckme cBomMCTBa KPoBu

[lpepoTBpalleHne NpoHMKHoBeHNA Ca B UWeMU3NPOBAHHbIE
KNEeTKM YMeHbLAtOT arperaymnto TpomooumTos

ApTepuanbHaa rMNOTeH3UA

OTekK nerkmnx
Kronvall E, et al, J Neurosurg 110 (1) : 58 — 63, 2009



Ba3ocna3sm u oTcpoYeHHaa nwemma mosra
nocne CAK

* MlHayumnpoBaHHaA apTepuanibHan rmnepTeH3unA
PEKOMEHAOBAaHa Yy MaUMEHTOB C€ OTCPOYEHHOM
nwemmen nocne CAK, ecam tonbko A/l He NOBbILWEHO

CNOHTAHHO N HEeT KapAWunanbHbIX ﬂpOTMBOﬂOKa3aHMIZ
(Class I; Level B)

e Connolly et al. Management of Aneurysmal SAH 2012



[MpUHUMNbI TMNEPANHAMUYECKOMN
Tepanuu

[MNnepanHammnyecKasn Tepanus
NPOTUBOMNOKAa3aHa Y NaLMEHTOB C
6onbWMMM OYaramm nwemumn —
OTeK/KpoBOU3NUAHME

Kassell N.F. et al, Neurosurgery 1990



[MpUHUMNbI TMNEPANHAMUYECKON Tepannm

Basonpeccopbl Ha ¢OHe 3yBOJIEMUMM MOLWIATOBO
nosbliwaa Ha 15% - 20% cuct Al

HeknnnupoBaHHble aHeBpu3mbl cuct A < 160

Ona KaunupoBaHHbIX 160 < cuct AQ < 200 (A4
cpegHee 110-130)

ALl CHM)KaTb NOCTENeHHO noA HEBPOJIOrMYeCKUMm
KoHTponem , JICK, PtBrO2

Ecnu Tepanua HeycnewHa (24 — 72 yac) — Al cpeaHee
110-130



*JYBOJIEMMUA... ??7?

* LBJ (8 -12);
e SVV<10%:
e GEDVI 600 -800 ml/m 2
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Assessment of Circulating Blood Volume with Fluid
Administration Targeting Euvolemia or Hypervolemia

Aaron M. Joffe + Nita Khandelwal
Matthew R. Hallman - Miriam M. Treggiari

Published online: 21 August 2014

© Springer Science+Business Media New York 2014
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group based on the cumulative amot
from [CU admussion

NV) anc

ients who received 1V fluids during the ICU stay. We

ined a normovolemia (NV) and hypervolemia (HV)

istered in mL/kg

kg/day

nt of IV fluid admin-

0 day J; >30-60 mL/

>60 mL/kg/day (HV), respectively. In a

subgroup of patients, BV was measured on day 3 post ictus

using todinated "'1-labeled albumin injection and the BVA-



Conclusions  Routinely targeting prophylactic

crystallods does not result m a higher circt

HV using
lating BV

compared to targeting NV, but the possibility o
unrecognized hypovolemia remains.

clinically
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Effect of Hydroxyethyl Starch Solution on Incidence of Acute
Kidney Injury in Patients Suffering from Cerebral Vasospasm
Following Aneurysmal Subarachnoid Hemorrhage
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Dosage of HES

The patients recetved 6 % HES 130/0.4 on 12.9 + 7.1 days
(mintmum 2, maximum 34 days) with a mean volume of

9428 £ 253.9 mL (mintmum 500, maximum 1600 mL) on
these days. Overall, a mean cumulative dose of 12543.2 +
7743.6 mL (minimum 1500, maximum 36,500 mL) was

given. One case of a questionable allergic reaction after
application of HES was observed.




Conclusion

The application of 6 9% HES 130/0.4 has been reported to
increase the incidence of AKI in critically 11l patients. In
contrast, several retrospective studies including the present
analysis have not found a correlation between even high

amounts of HES and the incidence of AKI in patients

suffering from aSAH yet. However, prospective random-
ized trials will be mnecessary to acquire high-level
incidence.



OTcpo4yeHHana uepebpanbHan
nwemma - 30% naumeHTos aCAK

KombuHauma:

* Basocnasm

e Cortical spreading depolarization
 LINTOTOKCHMYECKUN OTEK HEMPOHOB
e Mukpotpombosbl (+ SIRS)



THROMBOEMBOLISM AND DELAYED CEREBRAL
ISCHEMIA AFTER SUBARACHNOID HEMORRHAGE:
AN AuTtopsy STuDY

Sherman C. Stein, M.D.

Department of Neurosurgery,
University of Pennsylvania,
Philadelphia, Pennsylvania

Kevin D. Browne, B.A.

Department of Neurosurgery,
University of Pennsylvania,
Philadelphia, Pennsylvania

Xiao-Han Chen, M.D.

Department of Neurosurgery,
University of Pennsylvania,
Philadelphia, Pennsylvania

Douglas H. Smith, M.D.

OBJECTIVE: Recent findings have cast doubt on vasospasm as the sole cause of
delayed cerebral ischemia after subarachnoid hemorrhage.

METHODS: We reviewed the medical records of 29 patients who died after subarachnoid
hemorrhage. Brain sections were taken from the insula, cingulate gyrus, and hippocampus.
Adjacent sections were stained with hematoxylin-eosin and immunostained for thrombo-
emboli. The density (burden) of the latter was calculated blindly and correlated with
evidence for ischemia and with the amount of subarachnoid blood.

RESULTS: There is a strong correlation between microclot burden and delayed cere-
bral ischemia. Patients with clinical or radiological evidence of delayed ischemia had
mean microclot burdens of 10.0/cm? (standard deviation [SD], +6.6); those without
had mean burdens of 2.8 (SD, £2.6), a highly significant difference (P = 0.002). There
is also significant association (P = 0.001) between microclot burden and histological
evidence of ischemia, with the mean burdens being 10.9 in sections exhlbltlng severe
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Thromboembolism and Delayed Cerebral Ischemia after
Subarachnoid Hemorrhage: An Autopsy Study

Stein, Sherman C. M.D.. Browne, Kevin D. B.A.. Chen, Xiac-Han M.D.; Smith, Douglas H. M.D.; Graham, David

I. Ph.D

Meurosurgery:

Cctober 2006 -“olume 59 - Issue 4 - pp ¥81-TEE
doi: 10 1227/01.NEL. 0000227519 27569 45

Clinical Studies: Cerebrovascular "

Il Early Patients
124 [ Delayed Ischemic Deficit

e YcuneHHoe B o s
TpomboobpasoBaHue 0-2 cyT

nocne CAK }L
e Ha 3 n 4 cyt TeHOeHUusa K 4 {_ {r--
CHUKEHMIO i J} |

TpomboobpaszoBaHUsA :

Microclot Burden (#/cm?)

<3 Ito7 8to14 >14
Days after SAH

« o 14 cyt nocrne CAK BHOBb
ycuneHue
TpomboobpaszoBaHUA




Microclot

/ Formation \
Persistent

T Local
Subarachnoid lschemia

NS

Yasospasm

IRE 6. Schematic dingram demonstrating parallel pathogeness ﬂf
pasm and thromboembolism. Spasm and microclot formation are
bly contributing fm:fﬂrs to cerebral ischemia.






MexaHun3mbl rmnepkoarynaumm nocne CAK.

Farly platelet activation, inflammation and acutd
brain injury after a subarachnoid hemorrhage: A

pilot study

Article (PDF Awvailable) in Journal of Thrombosis and Haemostasis 10(4):711-3 - February 2012 with 42
Reads

Journal of Neurosurgery

June 2005 /ol 102 / No. 6/ Pages 1084-1100

Acute microvascular platelet aggregation after subarachnoid
hemorrhage

Fatima A. Sehba, Ph.0., M.D., Gulam Mostafa, M.B.B.S., Victor Friedrich Jr., Ph.D., and Joshua B. Bederson,
M.D.

Department of Neurosurgery, Mount Sinai School of Medicine, Mew Yark, New York

gy neurccrifical Newrcerit Care (2017) 26:48-57 @ Crossiark

ggcrfﬂfr DOL 10100751 2028-016-0292-4

ORIGINAL ARTICLE

The Role of Platelet Activation and Inflammation in Early Brain
Injury Following Subarachnoid Hemorrhage

Jennifer A. Frontera' - J. Javier Provencio® - Fatima A. Sehba” - Thomas M. Mtlnlyrez .
Amy 8. Nowacki® - Errol Gordon® - Jonathan M. Weimer' - Louis Aledort’



CAK - TKaHeBoM ¢akTtop —> bbiCTpaa reHepaums
TpOoMbUHa

[loBpexaeHne  sHAgoTENMa  —»  arperauus
TPpOMOOLMTOB —> aKTUBALMUU CUCTEMbI reMOCTa3a

Subarachnoid Blood

activate inflammatory
Large

pathways
Arteries

Small
Vessels

activate TF in Vessel wall

@

/ & Blood Products
activate TF in Vessel wall ‘;-"'H \

Endothelial cell
activation & damage

Mural /

thrombus
formation

Thrombin
generation

Consumption Thrombosis
Coagulopathy

Small Vessel
Occlusion

Emboli




MuKpoTpomb03 — HapyweHne banaHca mexay
TpomboobpaszoBaHnmem n PUOPUHOIN3OM

++ MUKPOUUPRYNAUNAL d

l

TpomboobpazoBaHue >> dUbpPUHONN3

l

dopmmnpoBaHne MMKpoTpomboB



A/l - He onpedensaem DO,!




264 SECTION 2 « Neurocritical Care Monitoring
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Conclusions

* No prophylactic 3H or hyperdynamic therapy

* Multimodal Monitoringin Poor Grade SAH pts:
— Systemic: CPP + Cl + GEDI + EVLW
— Brain: ICP + PbtO2 (TCD, EEG, MD?)

— Echo and CTP always to confirm

Hemodynamic targetsshould be individualized to patient’s

neuro exam and/or brain parameters

* Failure to improve these parameters— DSA and angioplasty

_':ﬁ_ © IECerebro
o I

S30 Vicente

W CEIYANLE OF SAwDd

Pedro Kurtz, ESICM, Berlin, 2015



OTcpoyeHHana uepebpasbHaa nwemums -
MHPy3ma n Al

Lenb — yayydywmnTb uepebpanbHbi KPOBOTOK U [1OCTaBKY
KUCNTOPOAA

1.0,9% NaCL - 100 - 150 mn/u (V nHod = 1 -3 mn/Kr/yac)

2. CuHT.Konnongbl nnan 10-25% anbbymmH 100 -250 mn
npu CU < 4 n/muH/m?

3. Al cuct > 160 mmpT.cT (HOpaapeHanunH)

4. CU > 3 n/MuH/m? --MmuKpounpKynaums
5.Hb>9-10r/n.

6.UB/A (8 -12); SVV<10%; GEDVI 600 -800 ml/m 2



PedpaKkTepHbi Bazocnasm U oTCpovYeHHas
nwemma mosra nocne CAK

e PechpakmepHocmeb K [unnepouHamu4yecKkold mepanuu

e AHruMonnacTuka uepebpanbHbIX cocygos n/mnu
CeneKkTUBHas MHTPaapTepuaabHas
Ba3oAMNaTaTopHaA Tepanus 4ONyCTMMA Y NaLUeEHTOB
C CMMNTOMATUYECKMM CMAa3MOM LepebpasibHbIX
COCY/ZI0B, Y KOTOPbIX HE MOJIYy4YeH perpecc
HEBPONOrMYECKON CUMNTOMATUKM B OTBET Ha
rmnepauHamMmmnYecKyto TeEPAnuIo  (Class I; Level B)

e Connolly et al. Management of Aneurysmal SAH 2012



KnmHunyeckoe HabnatoaeHne — sazocrnnasm u BY
aunepmeH3uA

[MaumeHTka M. 57 net noctynmna 8 HUN HX bypaeHko ¢
ANArHO30M:

CybapaxHoupaanbHoe KpoBOU3NnAHUE
XaHTt-Xecc IV 6anna, Fisher 4

Npu noctynneHuu:

1.0bixaHne (PSV)uyepe3 nHTybaunoHHYO TPYOKY.
2.YpoBeHb CO3HaHWUA — ornyweHumne

3.B cBA3M C NCUXOMOTOPHbIM BO3OYKAEHMEM HayaTa ceaaumsa
nponodonom, NBJ



12.03.12, 2-e cytkn CAK




13.03.12, 3-e cytkm CAK

[lo paHHbIM TKAl: AaHHbLIX 32 Ba30CNa3m HeT.

JICK no CMA =110 cnea n 120 cnpaBsa.

BbinonHeHa 3HA0BACKYyNAPHAA OKKNO3UA
aHeBpu3mbl Nnpason CMA MmUKpocnupanamm



14.03.12, 4-e cyTkMn CAK

JKCTYOMpPOBaHa, CaMOCTOATe/IbHOEe AblXaHue
afeKBaTHoe

B co3HaHuMKM, [Ae30pUeHTUPOBAHA, 3SMNU304bl
NCUXO-MOTOPHOI0 BO3OYXKAEeHUA



15.03.12, 5-e cytkn CAK

ePa3sunthe Basocnasma. JICK - CMA 220.
eConop, NeBOCTOPOHHUN remunapes.
eKT: OTEK NpaBON TEMEHHO-BUCOYHOM 0bacTw.

eBo3obHOBNEeHa UBJI.

eYcTaHoB/1eH aatynK BY/ - 15-20 mm.pTCT, 3nn3oabl

no 30. NpoBoanTCA MeaAnKaMeHTO3HaA ceaauma,
ocmoTepanuA.

eC uenbto noagepanmna UMNAd Havata MHPy3uA
Ba3sonpeccopos — cuct Al= 180 — 200 mmpT.cCT.

e NHpy3na MK/CrepodyHanH — 1/3 (2 — 4 mn/Kr/u)



15.03.12. 5-e cyTtkm CAK




16.03.12. 6-e cyTkmn CAK

PedbpakTepHbin Bazocna3sm (HeT adpdeKTa Ha
rmnepanHaMUYecKylo Tepanuio) HeT perpecca reMMcnHAp.

BHyTpUuapTepunanbHoe BBeaeHme sepanammna. JICK no
npasont CMA 220 -300 cm/cekK

YBennyeHunsa ob6bemHOro KPoBoToKa - noabembl BY/ oo
45 MM.pT.CT.

OTcyTCcTBME pe3epBOB Tepanmu (rmnepocmonsapHbIi
CUHAPOM) - AeKOMMNpeccuBHas TpenaHauma Yepena



16.03.12. gpekomnpeccuBHaAa TpenaHauua

1 kdd
.'-«. }d ;;
-
Nl i Frhn)
13 VA g a4 AN




19.03.12. 9-e cytkm CAK




19.03.12. 9-e cyTkmn CAK

nOBerOCTHaFI KOMd, MeHAEeTCA BbIPaXXEHHOCTb
NeBOCTOPOHHHIO remunapesa.

HapacTtaHue Basocna3sma: JICK=300-> 200 cm/cekK

CeneKktnBHOe BHYTpUapTepuanbHoe BeeaeHme
Bepanamuna --- BYl < 25 mmprT.cT.

KT: nponabupoBaHmne mo3ra B TpenaHaUuMOHHbIN
neddeKkT, nonepeyHon U akCMaabHOM ANCNOKALNN HET



22.03.12, 12-e cytkn CAK

OTKpblBaHWE a3, perpecc /IeBOCTOPOHHEro remmnapesa:

[lo gaHHbIM TKAI pa3peweHne sazocnasma: JICK no
npason CMA 210.

BY/l — HOpma, AaTYMK yaaneH



[ocnuTann3aung

[lara nocrynnenns: 12.03.2012  Boapacr: 57 Mﬂ
Newf0: 1253/12 Bepywee oTaenexne: 3-8

Nevawwi spay:  Owmues [.H.  Cron:

Kavkmyecknit guardoz: CAK ot 11.03.12. HH IV. Fisher 4.

Bepu@uLipoBaHHGI Juarkoz; Anesprama npasoil CMA. Cocroanne nocne CAK ot 11.03.12, OKKMIO3HA 3HEBPH3Mb MHKPOCTHPANAMH, AEKOMNPECCHEHON TPENaHaLMK CNpasa C
nnacTikoil TMO, KpaHHONNACTHKH aYTOKOCTbID.

[ara eeibbTia: 14.05.2012 CYucno Koliko-gHed: 63 Woion: ymyuwexne

Onepaumu

[1aTa onepatim HazBaHMe onepaLm
13.03.2012 | 3Hp0BACKYNAPHAA OKKIO3NA AHEBPH3MBI NpaBoil CMA MHKpOCTHpanAMK
16.03.2012 | [paBoCTOPOHHAR NEKOMNPECCHBAHA TPenapaL|a.
16.03.2012 | HuTpaaprephantHoe BBEAGHKE BEPANAMINA N0 NOBOAY Ba30CNa3Ma
17.03.2012 | TpaxeocToMng
02.05.2012 | KpannonnacTHka ayTOKOCTbEO B MpaBoit nobHo-BicouHok obnacti.




KanHunyeckmne HabnwoaeHmne
NeBoYvKa 8 ner

e lnarHo3: AHeBpU3ImMa budypKaunum nesomn
cpeaHen Mo3roBomn apTepum,
Peunamsunpytowee CAK KposousnmaHume c
dopmmpoBaHnem rematombl B 06,1aCTU 1€BOU
cunoBueson wenwu Fisher IV. Hunt-Hess V



24.09.2015 (1 cyTKM)

Mwuapwuas (D=S), otcyTcTBUE poTOpeaKkLmm, NO3HO-TOHNYECKUE
peakumn no Tuny geuepebpaumnu

OcmoTepanusa, runepBeHTUAALNA, ceaauma — 3PPeKTUBHbDI - 3PaYKU
CY3MANCb, NOSIBUNACL BANaA pOTOpeaKkums Ha CBET




24.09.2015 (1 cyTKMK)
KnnnmnpoBaHue aHeBpu3ambl budypkaumm nesont CMA,
yaaneHne BHYTPMMO3roBOM remaTomMbl 1€BON BUCOYHOM

0711, HAapY}KHasa AeKomnpeccus Yepena cneBa

MoHutopuur B44 v LM

Ynpasnaemas runotepmma 32- 33°C




2-3 CyTKMW.

BY/ 24-45 mm pT cT. (Becb KomnieKc 6opbbbl
c BYI)

YCTaHOBKA HAPYKHOIro BEHTPUKYAAPHOIO
ApeHarka B nepeaHun por npaBoro 6oKoBOro

YKe/lyA04Ka




OcobeHHOCTU KAMHUKNK

e IBJ1 35 cyt

e[unotepmuna 10 cyt 32-33 C.
e MoHuTopuHr B4, 15 cyt

eBHyTpuyepenHas runepteH3na (go 80 mmpT. cT) B TeyeHumn 12
CyT . «<HopmoTeH3una» ¢ 15 cyr

*HE 6b1210 AaHHbIX 33 Ba30CMNa3m

eKoma 18 cyT

eUMA =40-50 mm pT. cT HopAap B ao3se go 0,5 MmKr/Kr/muH
e IHPYy3KnA anbbymuH 20%/ctepodyHamH — (1/5-7) 1 — 2 ma/Kr/u




12 cyTKuU. lNpeKkpalweHa ceagaumna. KomatosHoe
cocToAHMe, ocnabneHHbIN KawneBon pednekc,
NBUraTeNbHble peakuuun no Tuny aeuepebpaumm




28 -30 cyTku. OTKpbIBaHKUE Nas, be3 dukcaumm B30opa,
HeleneHanpaB/ieEHHbIe ABUXEHUS, BO BCEX KOHEYHOCTAX
(Mmarkaa acummetpuna). CamocToaTe/IbHOE AbIXaHKe.

BEHTPUKYNOCTOMUA CAEBA C BEHTPUKYNOMNEPUTOHEAIbHbIM
LUYHTOM CrnpaBa




He 6b1210 MeHUHIUTa 1 BATT




locnuTannsauusa [as

Iara nocrynnenus: 24.09.2015  Bozpact: 8
NO w/B: 5164/15 Begywee oToeneHue: 2-a
Neuawwii epay: Muamnesko HD.B.  Bpay: Kowoeanoe AWH.  Cron:

KnuHnueckuid guardoz: AxeepuzMa nesoil bndypKaumn neoil cpefHel MO3roBEoi apTepun. Peynanenpyiollee cybapaxHonaanbHO-NapeHXHMaTOZHOS KPOBOHMHAHHE ¢
thopMHpPOBAHMEM reMaTOMbl B 0DMACTH NEBOH CHALBHEBOH Wenn ot 23.09.15 1 25.09.15(Fsher IV). Hunt-Hess V. CocToaune nocne onepaLni KAHNHPOBAHKA 3HEBPH3MD,
Y/1aNEHHA BHYTPHMOZTOBON reMartoMbl H HAPYHHONR AeKoMNpecHl Yyepena ot 25.00.15.

BepuduUMpoBaHHLIA oMarHoz: AHeBpHaMa neroi budypraLun nesoil cpeHeil MOZroROH apTepun. Pelnnuenpyiolee cybapaXxHonAaNbHO-NAPEHXHMATOIHOS KPOBOHRMHAHHE C
thopMHpPOBAHMEM reMaTOMbl B 0DNACTH NeBOH CHALBHEBOH Wenn oT 23.09.15 1 25.09.15(Fsher IV). Hunt-Hess V. Cocroaune nocne onepaLni KAHNHPOBAHKA AHEBPHAMD,
Y/1aNEHHA BHYTPHMOZTOBON reMartoMbl H HAPYHHONR AeKoMNpecHl Yyepena ot 25.00.15.

Jata ewlbemua: 01.12.2015  Yucno kolko-gHed: 68 Woop: ynayulwesse

Onepauun

Jara

HazeaHue onepaumu
OnepaLmm patl

KnnnupoBaune aneepuzMbl bndypraLmm negoi cpeHeill MOZroBOH apTEPHH,
24.09.2015| ynanesna BHYTPHMOZrOBOH reMaToMbl NEEOHA BHCOUHON fOMH, HAPYMHAR
[JEKOMNPECCHA Yepena C1eBa B YCNOBHAX HellpodH3noNormieckoro MOHHTOPHHTA.

25.09.2015| MyHKUNOHHAA TPaXEOCTOMHA

26.00.2015 YCTAHOBKA HAPYMHOrD BEHTPHKYNAPHOIO IPEHAKA B NEDEHHI pOr Npasoro
e boKoBOrD WenyoukKa.

26.09.2015| HuTpaapTepHanbwHOE BBEEHKE BEPAaNaMIIa NO NOBOAY Ba30CNa3Ma.
15.10.2015| HMNA3HTALUMA BEHTPHKYAO-NEPHTOHEANbBHOIO WYHTA Cnpasa.
18.10.2015| YcraHOBKa HAPYMHOrO BEHTPHKYAPHOTO APeHaxa B ToyKe "oxepa” cnesa.

22.10.2015 BeHTpHKYNOCTOMMA CIEEA C CDDEU.IEHHEM ﬂDEHH[WmLI_[ei"I CHCTEMBbI C
T BEHTPHKYNONEPATOHEANbHBIM IIYHTOM CnpaBa.




CneundpuKa AeTCKOro Bo3pacTa

e JleueHue Ba3ocnasma. MCI‘IOJ’Ib3yeTCFI peromeHaaunun anAa B3poC/sbiX
nauuenTos. [loaaeprKaHMe ymepeHHoOU apTepmasibHOU
rmnepTeH3nn (YypoBeHb apTepmanbHOro AaBAEHUS
nogbupaeTcs B 3aBUCMMOCTM OT BO3PACTa, KOHKPETHbIX
pekomeHJaunn Ha 3TOT CYET HeT).34

e HumopunuH. NpoBeaneHHoe Heffren nccneposaHue y geten BbIABUAO
BblIPadXKEHHYIO TMMNOTEH3UIO y geTten, npMeHABLUINX HUMOAUMUH

 WUcxogbl nocne CAK. leTckan nonynsuua xapakrepusyercs bonee
6nraronpuATHbIMUK Ucxogamm 3



Llenesoe ALl npn CAK

HeknnnmnpoBaHHbIe aHEBPU3MDbI

120 < A[] cuct < 140 (160) mm.pTCT.
RAnnupoBaHHble aHeBPU3MbI:

e 120 < Al cnct < 180 mm.pTcT.

e Basocnasm 160 < Al cnct < 200 mm.pTcT.

110 < Al cp < 130 mm.pTCT —
UWHONBUOYATUSUNPYETCA no aaHHbIMm
HEMPOMOHUTOPUHra (Basocnasm+ HapyweHue
Aytoperynaunmn MK)

* [lpeaynpexxaatb ApTepmnasibHYyO TMNOTEH3UIO U
[MnoBonemutio (KonnonaHbin p-pbi)



OTcpovyeHHaa Nwemuna — HapyweHune
MUKPOLUUPKYAALNN

1.HopmoBonemua

2.160 < Cuctr AL < 200 mmprT.CT.
(HopagpeHannH)

3. CU > 4 n/MmnH/M? —MUKpOLUPKYNALUA

4.CNHTETUYECKUE KONnounaHble p-
pbl/anbbymuH (20 -25%)

5.Hb>9-10r/n.



Taxenbin aCAK y neten



Managing Cerebral Perfusion Pressure

o Minimum targets by age
Age CPP
<4 years 50 mmHg
4-10 years 60 mmHg
> 9 years 70 mmHg




[MnoteH3nay aeteun no A/l cucr.

0-28 aHen < 60 mm pT.CT

1-12 mec. < 65 mm pr.cT.

1-10 net < 70 + 2 * Bo3pacT (net) mm pT.CT.
Crapwe 10 net < 90 mm.pT.CT.
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Fluid management of the neurological @
patient: a concise review

Mathieu van der Jagt

Abstract

Maintenance fluids in critically ill brain-injured patients are part of routine critical care. Both the amounts of fluid
volumes infused and the type and tonicity of maintenance fluids are relevant in understanding the impact of fluids
on the pathophysiology of secondary brain injuries in these patients. In this narrative review, current evidence
on routine fluid management of critically ill brain-injured patients and use of haemodynamic monitoring is
summarized. Pertinent guidelines and consensus statements on fluid management for brain-injured patients are
highlighted. In general, existing guidelines indicate that fluid management in these neurocritical care patients
should be targeted at euvolemia using isotonic fluids. A critical appraisal is made of the available literature
regarding the appropriate amount of fluids, haemodynamic monitoring and which types of fluids should be
administered or avoided and a practical approach to fluid management is elaborated. Although hypovolemia is
bound to contribute to secondary brain injury, some more recent data have emerged indicating the potential
risks of fluid overload. However, it is acknowledged that many factors govern the relationship between fluid
management and cerebral blood flow and oxygenation and more research seems warranted to optimise fluid
management and improve outcomes.
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Table 1 Summary of guideline/consensus conference recommendations on routine fluid and circulatory volume management in

brain-injured patients

Recommendations on routine fluid management and volume status

Source

Monitoring

Management

AHA/ASA SAH guidelines (2012) [7] 1.

Neurocritical Care Society 1.

recommendations on critical care
management in SAH (2011) [6]

Monitoring volume status in certain patients

with recent aneurysmal SAH by some combination
of central venous pressure, pulmonary wedge
pressure and fluid balance is reasonable, as is
treatment of volume contraction with crystalloid
or colloid fluids. (Class lla, evidence level B)

Monitoring of volume status may be beneficial.
{(Moderate quality evidence; weak recommendation)

2. Vigilant fluid balance management should be the

foundation for monitering intravascular volume
status. While both non-invasive and invasive
monitoring technologies are available, no specific
modality can be recommended over clinical
assessment. (Moderate quality evidence;

weak recommendation)

. Central venous lines should not be placed solely

to obtain CVP measures and fluid management
based solely on CVP measurements is not
recommended. (Moderate quality evidence;
strong recommendation)

4, Use of PACs incurs risk and lacks evidence of

benefit. Boutine use of PACS is not recommended.
{Moderate quality evidence; strong recommendation)

1. Maintenance of euvolemia and normal circulating
blood volume is recommended to prevent DCL.
(Class |, evidence level B)

2. Prophylactic hypervolemia [...] before the

development of angiographic spasms is not
recornmended. (Class lll, evidence level B)

3. Administration of large volumes of hypotonic
fluids and intravascular volume contraction is
not recommended. (Class lll, evidence level B)

1. Intravascular volume management should target
euvolemia and avoid prophylactic hypervolemic
therapy. In contrast, there is evidence for harm
from aggressive administration of fluid aimed at
achieving hypervolernia. (High quality evidence;
strong recommendation)

2. Isotonic crystalloid is the preferred agent for
volurne replacement. (Moderate quality evidence;
weak recommendation)

3. In patients with a persistent negative fluid balance,
use of fludrocortisone or hydrocortisone may be
considered. (Moderate quality evidence;
weak recommendation)



Aneurysmal SAH

GCS<15 and at least one of:

Relative hypotension, not
responding to fluid bolus
(500 ml)

Pulmonary cedema (x-ray)
or Cardiac dysfunction
(echocardiography)

Fluid intake >5L/d necessary
to maintain positive balance
Negative fluid balance
(below minus-1000 ml/d)
DCl and persisting negative
fluid balances (less than
minus 500 ml/d)
Progressive neurological
deterioration due to DCl in
spite of MAP > 80 and
positive fluid balance

Fig. 2 Fluid management algorithm as applied in the author's institution in critically ill SAH patients. Principles underlying the algorithm include:
define maintenance fluids (40 ml/kg/day); use isotonic crystalloid fluids; define triggers for more advanced haemodynamic monitoring and define
haemodynamic goals, titrate management to these goals and give stopping rules to abort algorithm after improvements. In a subset of high-risk
SAH patients, this algorithm resulted in significant reductions in fluid intake whilst maintaining cardiac output and preload indices, thus avoiding
hypovolemia [75], in line with a previous study [25]. Both dynamic (e.g. fluid responsiveness) and static (e.g. GEDI) measures of volume
status may thus be used to guide fluid administration. SAH subarachnoid haemorrhage, TPT transpulmonary thermaodilution-based haemodynamic
monitoring, DC! delayed cerebral ischaemia, MAP mean arterial pressure, NS normal saline (0.9 %), Cf cardiac index (L/min/m?), GCS Glasgow

Coma Scale

A total of 3 Litres of Fluid intake daily
. {(including normal saline IV)
Aim for fluid balance 0 to +500 ml daily
Continue standard
Fluid management
STOP ALGORITHM
Fluid bolus (NS 500 mi) | | © €' @round 3.0
+ GCS=15
( Cl increased? Try inotropes
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