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SAH epidemiologia

Az 0sszes stroke 5 %-a SAH

40 — 60 ev kOZOtt d leggyakorlbb A1)

NOk — férfiak arany 1.8 - 1 «
Evente 30 000 eset (USA), de oriési szoras orszagok
kozott (2.2 — 23 / 100000 lakos) .

1: Guidelines for the Management of Aneurysmal Subarachnoid Hemorrhage : A Statement for Healthcare Professionals From a Special
Writing Group of the Stroke Council, American Heart Association

2: Ingall T, Asplund K, Mahonen M, Bonita R. A multinational comparison of subarachnoid hemorrhage epidemiology in the WHO MONICA
stroke study. Stroke. 2000;31:1054 —1061.



A SAH rizikofaktorai

Hypertonia ¢

Dohanyzas

Alkoholfogyasztas «

Genetikal okok ¢

Csaladban korabban eloforduld SAH

1: Kubota et al: Prevalence of risk factors for aneurysmal subarachnoid haemorrhage: results of a Japanese multicentre case control study for
stroke. Br J Neurosurg. 2001;15:474—-478.

2: Kissela et al.: Subarachnoid hemorrhage: a preventable disease with a heritable component. Stroke. 2002;33:1321-1326.



A SAH tunettana

Utésszer( fejfajas (,.életem legrosszabb fejfajasa”
clmeny)

Hanyinger, hanyas

Megvaltozott tudat

Tarkokotottseg

Agyidegek erintettsége, goctiinet



A SAH kimenetele
A SAH-ot elszenvedettek 33 — 39 %-a meghal 28 napon beliil

(1,2)
A halal okait befolyasolo tényezok: @4

Aneurysmabol ered0 okok (meret, hatso scalai
elhelyezkedes, morfologia)

Betegre visszavezethetd okok (tarsbetegségek, kor, nem,
verzes merete)

Intézményi okok (endovascularis ellatas lehetdsége, SAH-al
kezelt betegek szama, felszereltseg)

1. Harmsen P et al. Stroke incidence rates were unchanged, while fatality rates declined, during 1971-1987 in Géteborg, Sweden.
Stroke. 1992;23:1410 —1415.
2: Ingall TJ et al Has there been a decline in subarachnoid hemorrhage mortality? Stroke. 1989;20:718-724.

3: Cross DT et al Mortality rates after subarachnoid hemorrhage: variations according to hospital case volume in 18 states. J Neurosurg.
2003;99:810-817.

4: Johnston SC. Effect of endovascular services and hospital volume on cerebral aneurysm treatment outcomes. Stroke. 2000;31:111—
17



A SAH mortalitasanak okai ..

Vasospasmus
Intracerebralis NO szint csokkenése
Microvascularis thrombocyta aggreggacio

Csokkent microvascularis perfuzio ¢€s megnovekedett és
permeabilitas

1: Sehba et al Mechanisms of acute brain injury after subarachnoid hemorrhage. Neurol Res. 2006;28:381-398.

2: Sehba et alEffects of S-nitrosoglutathione on acute vasoconstriction and glutamate release after subarachnoid hemorrhage. Stroke.
1999;30:1955—-1961.



‘ Vasospasmussal foglalkozo tanulmanyok

Table 1. Randomized Clinical Trials n Aneuwrysimal SAH: 19495 to 2006 (by Therapeutic Modality)

Sfurthars W ear Therapy n Beanefit

Wan den Bergh et al*'s 2006 Bspirin 161 Mo less DIND

Hop et al®® 2000 Aspirin &0 Mo improvement in 4-mo outcome
Schmid-Eleaesser™® 2006 Magnesium 113 Mo better outcome than nimeodipine
Wong et al'™® 2006 Magnesium B0 Mo better outcome

Wan den Bergh et al*®® 2005 Magnesium 283 Less DGl and poor outcome

Weyna®™™ 2002 Magnesium 40 Mo less dinical vasospasm

Molyneux et al'== 2008 GOVG 2143 Less mortalityepilepsy, mome rebleeding
Moklneur et aF=? 2002 GDC 43 Less mortality, better outoome

Koivisto et al®™*® 2000 GDGC 10 Mo improvermnent in 12-mo outcome
Vanninen™1 1209 GDGC 100 Mo improvernent in 3-mo outcome
Vajkoczy et al??® 200s ET antagonist a3z Lesa incidence/imtensity angiographic vasospasm
Shaw et al== 2000 ET artaganist Trend to less DIND, no better outcome
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al vasospasm

TCD vasaspasm
Mo neuropsychological benafit at 2

Mo improvement in 2-mo -:nutu::-:nrne

Immediate CBF improvement

Improved outcorne @t 3 and & mo

Reduced fever bumden with cathetsr

Raised CBF

Mo difference in shunted hydrocephalus

Mo less TCO vasospasm

Mo improvement in 2-mo outcome

Improved sodium balance

Mo improvement in &-mao outcome

Improved sodium balance

Reduced symptomatic vasospasm

Mo decrease in angiographic wvasospasm

Reduced rebleeding, no effect on outcome

Feduced rebleeding, no effect on outcome

Mo effect on clinicalTCD vasaspasm

Mo less symptomatic vasospasm

Mo improvement in 2-mo outcome

Mo improverment in 3-mo outcome

Mo impravement in 3-mo outcome

Mo improverment in 2-mo outcome

Mo less DIND bt improved ocutcome

Decreased incidence of DIND

DIMD indicates delayed ischemic neurclogical deficits; GDC, Guglielmi detachable coil;

ET, endathelin; TD! NTG, transdermal nitroglycering rtPA, recombinant

tizsue-type plasminogen activator, F=MA, female patient subgroup—MNorth American cohort F-E, female patient subgroup—European cohort; WA, Morth American cohort
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A vasospasmus

30 — 70% az eléfordulasa SAH utan ¢ »
Leggyakrabban 3 — 5 nappal SAH utan kezdodik, és 2 — 4

hét alatt szinik meg teljesen ¢

A SAH-ot tulelo betegek 50%-a kesobb a vasospasmusban
hal meg ¢

1: Heros RC et al Cerebral vasospasm after subarachnoid hemorrhage: an update. Ann Neurol. 1983;14:599-608.
2: Fisher CM et al Cerebral vasospasm with ruptured saccular aneurysm: the clinical manifestations. Neurosurgery.

1977;1:245-248.
3: Kassell NFet al Overall management of ruptured aneurysm: comparison of early and late operation. Neurosurgery. 1981;9:120 —128.



A vasospasmus okai

Haemoglobin lebomlasa a kovetkezdoket okozza:
Szabadgyokok keletkezése

Vazoaktiv anyagok folszabadulasa (eikozanoidok,
endotelin)

Endotel dependens ér relaxacid akadalyozasa

Diringer MN: Subarachnoid hemorrhage: a multiple-organ system disease. Crit Care Med 2003, 31:1884-1885.



A vasospasmus kezelese




Hagyomanyos kezelések

% 3 H terapia
" Magnézium
“ Nimodipine
% Statinok




3 H kezeles kritikaja

No treatment Prophylacti

Hypervolemia
Yamakami 198721 J0M3%615% 0
Lenhan 200013 4901076,08] —+  2%0[800340  —i
Muench 2007 (19} 10.00 1048, 3048 i F
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CBF decrease CBF increase
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Dankbaar-et-al-Critical-Care-2010,-14:R23



Melyik H a legfontosabb?

A CO emeleése dobutaminnal javitotta a vasospasmus
kimenetelét a phenylephrinnel €s volumennel torténd
MAP emelésével szemben

Kim, et al Increases in Cardiac Output Can Reverse Flow Deficits from Vasospasm Independent of Blood Pressure: A Study Using Xenon
Computed Tomographic Measurement of Cerebral Blood Flow Neurosurgery: November 2003 - Volume 53 - Issue 5 - pp 1044-1052



Altalanos intenziv terapia

Vercukor, elektrolit kontroll: A hypo-hyperglycaemia,
elektrolit ingadozasok elkeriilese fontos az ischaemias

karosodasok elkerulésére .

Kontroll csoport hijan nem varhat6é nagy tanulmany ezek

> 4 4 4
bizonyitasara
1: Kraus JJet al Critical care issues in stroke and subarachnoid hemorrhage. Neurol Res. 2002;24(suppl 1):S47-S57.

2: Claassen J et al Effect of acute physiologic derangements on outcome after subarachnoid hemorrhage. Crit Care Med. 2004;32:832— 838.
3: Dorhout et al Glucose levels and outcome after subarachnoid hemorrhage. Neurology 2003;61:1132—1133.



Magnézium

Cerebroprotektiv szer
Magnézium 64 mmol/l/nap 14 napig

Ce¢l: Magnézium szint 1 — 2 mmol/l k6zott tartasa
Eredmények: csokkentette a késo1 ischaemias
karosodasok eléfordulasat ¢€s javitotta a kimenetelt

Tovabbi vizsgalatok kellenek !

1: van den Bergh et al Role of magnesium in the reduction of ischemic depolarization and lesion volume after experimental subarachnoid
hemorrhage. J Neurosurg. 2002;97:416-422.
2: van den Bergh et al Magnesium sulfate in aneurysmal subarachnoid hemorrhage: a randomized controlled trial. Stroke. 2005;36:1011-1015.



Magneézium €s vasospasmus
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S Macedo, et al Magnesium use on prophylaxis of vasospasm morbidity and mortality rate in subarachnoid
hemorrhage Critical Care 2010, 14(Suppl 1):P344 (doi: 10.1186/cc8576)




Nimodipine

Napi 6 x 60 mg nimodipine csokkentette a halalozast ¢és
javitotta a kimenetelt (Class 1, A)

Allen GS, et al Cerebral arterial spasm: a controlled trial of nimodipine in patients with subarachnoid hemorrhage. N Engl J Med. 1983;308:619-624

Allatkisérletekben dinamikus CT vizsgalatok is bizonyitottak a hatdsossagat

08 - *
Neurological scores 0a |
Control Mimodipine T 07

Day 0 15 +4.3 12 +6.2 £ 06 -
Day 2 1M+24 9+48 2 05 4
Day 5% 9+28 h+23 E 044
Day 7 6+24 BE+27 5 03 -
Day 9* 606 3+17 g g2 —&— Control
Day 16 5+25 3+26 = a4 J —o— Nimodipine
Hu-ie:l—"."alues are expressed as mean = S0, *Significant difference between groups (F 0 T T T T r 1
< [5). Baseline Day3 Day5 Day? Dayg Dayls

Laslo et al. AJNR Am J Neuroradiol 27:624 —31 Mar 2006



Statinok

80 mg/nap simvastatin 48 oran beliil, vagy 40 mg
pravastatin/nap a SAH utan 72 oran belul elkezdve javitotta
a kimenetelt ¢s csokkentette a vasospasmus eldfordulasat
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1: Lynch JR, Wang H, McGirt MJ, Floyd J, Friedman AH, Coon AL, Blessing R, Alexander MJ, Graffagnino C, Warner DS, Laskowitz DT.
Simvastatin reduces vasospasm after aneurysmal subarachnoid hemorrhage: resultsof a pilot randomized clinical trial. Stroke. 2005;36:2024—

2026



Fejrazas + véralvadeék kimosasa lumbalis drainnel

Summary of clinical outcome in both groups of patients®

No. of Patients (%

Outcome Study Group Control Group r Walue
GOS score at discharge 086
1 4 (200 2 10
2 3(15) 2 (100
3 5(25) G (300
4 5 (25) 5 (25)
5 3015) 5(25)
mRS score at discharge 0.43
O 1 (5) O
1 1(5) 5(25)
2 1 (5) 3(15)
3 A4 (200 2 (10
4 2 (100 1 (5)
5 T (35) T (35)
() A4 (200 2 (10
F3-mo FU mRS score 0,008
0 5 (25) O
1 20100 B (40D
2 20100 1 (5)
3 3(15) 20100
4 3015) 2 (10
5 O 5(25)
(5] 5 (25) 2 (100
e-mo FU mRS score 0005
O T (39 20100
1 1(5) & (300
2 4 (22 1 (5)
3 1 (5) 5 (25)
4 L] ]
5 O 4 (200
() S5 (28) 2 (10

* FU = follow-up: GOS = Glascow Outcome Scale.
T Data are presented for patients available for follow-up.

DANIELet al The effect of lumboventricular lavage and simultaneous low-frequency head-motion therapy after severe subarachnoid hemorrhage:
results of a single center prospective Phase I trial



Tirilazad

A Glasgow Outcome Score B Cerebral Infarction

Qdds Ratio Odds Ratio ‘
Study 95% Cl) % Weight tud 95% ClI % Weight
Kassell (1996) 0.85 (0.70 - 1.28) 250 Haley {1997} 1,30 {1.03 - 1.89) 229
Haley (1367) 1,15 (0.84 - 1.57) 22.1 Lanzino {19394) : 1.23 (0.90 - 1.69) 227
Lanzino (19094A) 1.15(0.84 - 1.57} 215 Lanzino {19998) 0.84 (0,61 - 1.18) —_—
Lanzino (19998) 1,03 (0.77 - 1.38) 252
Overall (95% CI) & 1,04 (0.88 - 1.22)
Overall (95% Cl) 1,04 (0.89- 1.20) |
s ; | N 1 10
4 1 10 Odds Ratio
QOdds ratio
C Symptomatic Vasospasm
Odds Ratio
Study (95% CI) %% Weight
Haley {1995) — . 0.73 (0.40 - 1.33) 8.1
Kassall {1995} 0.83 (0.60 - 1.15) 19.1
Halay {1997} 0,91 (06T -1.22) 23.1
Lamzing {(1959048) 0.86 (0.B5 - 1.15) 257
Lamzino (19998 ‘ 065 (0,48 - 0.88) 261
Crverall {95% CI) 4 [ 0.80 (0.69 - 0.93)
A 1 1'5: Yeon et al : Metaanalysis of Tirilazad Mesylate in Patients with Aneurysmal Subarachnoid
Odds Ratio

Hemorrhage Neurocrit Care (2009) 10:141-147



ASA ... LMWH .. Tirillazad .., Intraarterialis
papaverin .. antifibrinolitikus kezeles .,

Nem javitottak a betegség kimenetelén




‘ Ebselen (a szabad gyokok kepzodeset
akadalyozza meg)

147

TTr Iﬁ,_T

B S5AH control group
B Low-dose Eb=elen group
O High-dosa Ebselen group

Percent changes n vessel diamater

_?u ———— — §e= Bin —_ as
B-IC H-MC R-AC L& L-MC L-ALC

Handa et al: Effect of an antioxidant, ebselen, on development of chronic cerebral vasospasm after subarachnoid hemorrhage in primates 2000
Surgical Neurology 53: 4: 323-329



Clazosentan (endothelin receptor antagonista)

CONSCIOUS 1, 2 tanulmanyok: a vasospasmus igéretes
csokkeneset mutattak ki

CONSCIOUS 3 folyamatban van

Macdonald R et al: Clazosentan to Overcome Neurological Ischemia and Infarction Occuring After Subarachnoid Hemorrhage (CONSCIOUS-1).

Stroke 39: 3015-3021; 2008.
Vajkoczy P, Meyer B, Weidauer S et al. Clazosentan (AXV-034343), a selective endothelin A receptor antagonist, in the prevention of cerebral

vasospasm following severe aneurysmal subarachnoid hemorrhage: a randomized, double-blind, placebo-controlled, multicenter, Phase lla study.
Journatof-Neurosurgery-103;9-17;2005:



Nitratok

Walter S.et al: Successful Treatment of Cerebral Vasospasm by Use of Transdermal Nitroglycerin Ointment (Nitropaste) AJNR Am J Neuroradiol
24:1234-1236, June/July 2003




Angioplastica / kateteres itervencio
ogyogyszeradagolassal

Szovodmeényes, nem mindenhol elvégezhetd (1)
Hatasos, fOleg szelektiven intraarterialisan adott

nicardipine, nimodipine, verapamil, milrionnal egyiitt (2-4)

1: Higashida RT et al Intravascular balloon dilatation therapy for intracranial arterial vasospasm: patient selection, technique, and
clinical results. Neurosurg Rev. 1992;15:89 —95.

2: Badjatia et al Preliminary experience with intra-arterial nicardipine as a treatment for cerebral vasospasm. Am J Neuroradiol
2004, 25:819-826.

3: Feng L et al Intraarterially administered verapamil as adjunct therapy for cerebral vasospasm: safety and 2-year experience.
Am J Neuroradiol 2002, 23:1284-1290.

4: Biondi A et al Intra-arterial nimodipine for the treatment of symptomatic cerebral vasospasm after aneurysmal subarachnoid
hemorrhage: preliminary results. Am J Neuroradiol 2004, 25:1067-1076.



Szelektiv intraarterialisan adott nicardipine
hatasa agy1 erek systoles csucsaramlasara

400 PSV Vmean
S50
300 -
250 -
Eﬂﬂ B e
150 - /\J
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S0 -
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Ba =a e e After Basefme Before Adter
Frs 1. Compar=on of PSY oand Vmean at baseline on tha

treatment day (Beforns) and on post-treatment dasy 1 (GAfar, ©
indicates P = 001,

Badjatia et al: Preliminary Experience with Intra-Arterial Nicardipine as a Treatment for Cerebral Vasospasm Am J Neuroradiol

295:619-626, May 2004



Osszefoglald: a SAH komplex kezelése

SAH tiinetei jelentkezeésekor
kiemelt slirgdsségi betegut biztositasa

Korai, megfeleld diagnosztika (CT, LP)
Betegek megfeleld kozpontban torténd ellatasa

Korai aneurysma ellatds, az aneurysma komplett elzarasa

Mutét alatt megtelelo monitorizalas
Hypovolaemia, hypotensio elkeriilese a mutét alatt is

Gyogyszeres kezeles:
Nimodipine, 3H kezel¢s (?)

CSF drainage ¢s ICP merés + megfelelo CPP
biztositasa



Osszefoglald: a SAH komplex kezelése

Endovascularis eljarasok:

ballon tagitas, gyogyszerek intraarterialis/intraventricularis adasa
(nicardipine, nimodipine, verapamil, NO donorok )

Tovabbi igéretes gyogyszerek:
statinok, MgSO4,
Kiserlet: gyogyszerek:

clazosentan (Endothelin receptor antagonista), dapsone (glutamate receptor
antagonista)



Ko0szonom a figyelmet!
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