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ABBREVIATIONS:

SAH - subarachnoid hemorrhage

ASAH - aneurysmal  subarachnoid
hemorrhage

DCIT - delayed cerebral ischemia

CBF - cerebral blood flow

CVS - cerebral vasospasm

DIND-delayed ischemic neurological deficit
CCB -a calcium channel blocker

Mg - Magnesium

PTA - percutaneous transluminal angioplasty
IA - intra-arterial.

ABSTRACT

Background. Cerebral vasospasm is the
most serious complication of subarachnoid he-
morrhage. It can be defined as deferred and self-
limited condition whose severity is linked to the
volume, solidity, prolonged presence and loca-
tion of subarachnoid blood. Almost 70% of these
patients have angiographic manifestation of va-
sospasm, and circa 50% of these patients
experience neurological deficits. The purpose of
this article is to concentrate on the currentpro-
gress andprospective approaches in the preven-
tion and treatment of cerebral vasospasm after
aneurismal subarachnoid hemorrhage.

Materials and methods. A thorough litera-
ture search through the Medline and Ebscodata-
bases was performed. Original investigations,
meta-analyses and reviews from the past 10
years, with accessible full-texts, in the English
language, were selected.

Prevention and treatment. The main medi-
cal approach for prevention of vasospasm inclu-
des upkeep of normal blood circulation level and
oral Nimodipine.The only type of treatment for
cerebral vasospasm, which is recognized at pre-
sent, is induced hypertension with the mainte-
nance of euvolemia. Percutaneous transluminal
angioplasty and/or selective intra-arterial vaso-
dilator therapy are recommended in patients with
symptomatic cerebral vasospasm, especially in
those without quick response to hypertensive
therapy.

Conclusion. Novel approaches with immu-
nomodulators, anesthetics, hypothermia, acupun-
cture, neuroprotective agents and multimodal
treatment regimens are under active development
and hold promise in the treatment of vasospasm
in the coming years.

Key words: cerebral vasospasm, subarac-
hnoid hemorrhage, aneurysms, treatment, pre-
vention.
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CAXKETAK

¥YBoa. LlepeOpannu Ba3ocmasam je Hajo30H-
JbHUja KOMIUIMKalHja cyOapaxHOMIAIHOT KpBa-
pema. Moxke ce neuHHUCATH Kao OIIOKEHO H
caMmoorpaHuyaBajyhe crame uuja je TeKHHA MOo-
Be3aHa ca 3alPEeMHUHOM, T'YCTUHOM, MPOIYKEHUM
MPHUCYCTBOM U JIOKAIlMjOM CyOapaxHOUAATHE
kpBHU. Oko 70% oBHX manyjeHaTa MoKa3yje aHTHu-
orpadcke nmokase BazocmasMma, a oko 50% mux
uMma Heypodjomke aepunure. Llnib oBor wianka
je mperiiex HOBHjer Hamperka m Oynyhe mep-
CIIEKTUBE Y MPEBEHLUJU U JeUewy LepedpantHor
Ba30cla3Ma HaKOH aHEYpU3MAIHOT cyOapaxHOH-
JaITHOT KpBapema.

Marepujaniu u meroge. M3BpuieHo je on-
CeKHO NIpeTpakuBame aureparype y Medline n
Ebsco 0a3ama mopmaraka. W3aOpanu cy opuru-
HaJHU paJoOBH, MeETa-aHAIM3€ W MpENIEAHH
wiaHOU W3 nociaeamux 10 roguHa, ca NMpHUCTY-
MayHUM M JIOCTYTHHUM TEKCTOBMMA, Ha EHIJe-
CKOM jE3HKY.

IIpeBeHuMja u Jevyewe. ['TaBHA MEAUIIUH-
CKa CTpaTeruja 3a MpeBeHIHjy BaszocmasMa o0y-
XBaTa O/Ip’KaBa-¢ HOPMAJIHOT BOIXYMEHA LIHPKY-
muinyhe KpBH M OpajHy Tepanujy HUMOAWIIH-
HoM. TpenyTHo, jenuHa yTBpleHa Tepamuja 3a
Jeyeme IepedpaaHor BaszoclasMa je eyBoJie-
MUYKH HWHAyKOBaHa xuieprensuja. llepkyrana
TpPaHCIyMHHAIHA aHTHOMJIACTUKA W/WIHM CeJeK-
TUBHA WHTpa-apTepHjcKa Ba30AMIaTATOpHA Te-
panuja cy pasyMHe KOJ| ManujeHara ca CUMITO-
MaTCKUM LepeOpaTHUM Ba30CIa3MOM, HAPOUUTO
KOJl OHUX KOjU He pearyjy Op30 Ha XHIIepTEH3H-
BHY Tepanmujy.

3akspyyak. HoBu mpucTynu Koju ce aKkTHB-
HO pa3BHjajy U myHO oOehaBajy y jJeuemy Ba3o-
crmasma y HapeIHUM rofuHaMa oOyxBaTajy uMy-
HOMOJyJIaTOpe, aHECTETUKE, XUIIOTePMUjy, aKy-
MYHKTYpPY, HEYpONPOTEKTHBHA CpENCTBa U
MYJATAMOJAIIHE PEXUME JIeUeba.

Kbyune peum: nepeOpanHu Bazocmasam,
cyOapaxHOUIATHO KpBapewe, aHeypu3Me, TpeT-
MaH, IpeBeHIH]a.

BACKGROUND

Subarachnoid hemorrhage (SAH) is a life-
threatening  condition that can develop
spontaneously or as a result of trauma" > °. Its
mortality rate goes from 10 to 20% . Aneurysmal
subarachnoid hemorrhage (ASAH) is a type of
spontaneous stroke that affects 80% of SAH pa-
tients, defined as blood release into the subarac-
hnoid space provoked by the aneurysmal rup-

ture**’. Approximately, one third of ASAH sur-
vivors develops delayed cerebral ischemia (DCI)
induced by narrowing of cerebral blood vessels
and decreased cerebral blood flow (CBF’ SOT8 A
segmental or diffuse narrowing of the lumen of
intracranial arteries is also known as cerebral va-
sospasm (CVS)S’g.ECker and Riemenschneider-
have 6debuted the concept of CVS after SAH, in
1951°.

CVS is the most serious complication of
SAH and can be defined as deferred and self-li-
mited condition whose severity is linked to the
volume, solidity, prolonged presence and loca-
tion of subarachnoid blood>*’. Hemoglobin in
the subarachnoid blood brings to higher
productivity of reactive oxygen species, which
provokes secretion of the vasoconstrictor sub-
stances and decreases levels of the vasodilators
#7110 SAH induced vasospasm is a complex
entity that contains delayed and reversible
vasculopathy, damaged auto regulatory function,
and hypovolemia '"'*", DCI typically lasts the
first 2 weeks after SAH, while CVS reaches
maximal narrowing between day 5 and 14, and
then gradual resolution over 2 to 4 weeks™ '* °.
Almost 70% of ASAH patients haveangiographic
manifestation of vasospasm, and circa 50% of
these patients experience predomi-
nantlycloudingof consciousness and language
impairments®®'"'">. These symptoms are known
as delayed ischemic neurological deficit (DIND)
or clinical vasospasm™®. Angiographic vaso-
spasm can be illustrated as a narrowing of the
contrast medium column in main arteries of the
brain®. Proximal vessels, situated at the base of
the brain, are preferentially affected'’.In spite of
continuous evolvement of endovascular gadgets
and techniques, there are still hazards specific to
this type of treatment'*.

This review concentrates on the present in-
sight into theCVStreatment and prevention choi-
ces. In the first section, prevention strategies are
discussed. In the second section, the topic is me-
dical treatment. In third section interventional
treatment and novel approaches are reviewed.
Through this, wehope to analyze pending matters
regarding the future exploration of CVS after
SAH.

MATHERIALS AND METHODS

A thorough literature search through the Me-
dline and Ebscodatabases was performed, using
the following terms: (cerebral vasospasm) AND
(aneurysm subarachnoid hemorrhage) AND (tre-
atment or management) AND (prevention) AND
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(review OR animal experimental OR clinical
trial).

We selected original investigations, meta-
analyses and reviews from the past 10 years,
with accessible full-texts, in the English langu-
age, as well as significant reference lists of arti-
cles which could contribute to the readers’ com-
prehension.

Prevention of cerebral vasospasm after
aneurysmal subarachnoid hemorrhage

Morbidity and mortality caused by CVS, co-
uld be reduced by prevention of DIND. The main
medical approach for prevention of vasospasm
includes upkeep of normal blood circulation le-
vel and oral Nimodipine™ * '°.

Treatment with oral Nimodipine, a calcium
channel blocker (CCB), was accepted in practice
in the USA since 1983, when a trial showed
more neurological deficit in patients treated with
placebo, than in those treated with Nimodipine (p
<0.03)". Oral Nimodipine lowers the incidence
of vasospasm-caused brain ischemia by 34% and
the rate of ASAH poor outcomes by 40%°. Its
neuroprotectivefeatures most likely contribute to
positive results in CVS® '*. Nimodipinehas a low
complication rate, can diminish the risk of
secondary DCI and may achieve positive angio-
graphic and clinical results '*.

Statins are here reviewed as another group of
potential vasospasm preventing drugs. Some tri-
als suggested that they boost cerebral vascular
reactivity®'*.One meta-analysis showed benefi-
cial effects of statins on incidence of delayed va-
sospasm, ischemic injury, and mortality, while
another meta-analysis failed to show such re-
sults'®. Recent meta-analysis showed higher
number of complications with statin therapies
than their favorable outcomes''. Magnesium
(Mg) has also been studied because of its
inhibitory function of vascular smooth muscle
contraction’. It is recommended to monitor Mg
levels and supplement it to normal, even though
it is shown that Mg doesn’t have better perfor-
mance than placebo in reducing SAH vasos-
pasm'’.The most encouraging novel drugs for
vasospasm prevention are endothelin receptor
antagonists, due to the endothelin I-caused vaso-
constriction” '°. Nonetheless, clinical trials were
not able to show significant beneficial effect of
the endothelin receptor antagonists and large
number of complications were presented ' .

Medical Therapy in SAH-Induced
Cerebral Vasospasm

The main goal of therapeutic strategies in
ASAH are treatment of CVS,prevention of DCI-
and enhancement of clinical outcomes®'®. The
ultimate intention of CVStreatment after SAH is
dodging the development of DIND'". The only
type of treatment for CVS after SAH, which is
recognized at present, is induced hypertension
with the maintenance of euvolemia’. Other the-
rapies that were studied did not show adequate

. . 5
performance in human studies >°.

Triple-H therapy (hypertension, hypervo-
lemia, and hemodilution) was widely used for
prophylaxis and treatment of CVS®. Hypervole-
mia and hemodilution are not beneficial forCBF
and are not recommended nowadays'’. Induced
hypertension is the only approved element of
triple-H therapy’. Hyperdynamic therapy by
increasing blood pressure, boostsCBF and
oxygenation of cerebral tissue, which helps with
the reversal of vasospasm-induced neurological
>1® 1t is considered the best available medical
option for treatment of cerebral vasospasm'®
18.Furtherm0re, various case series confirm these
beneficial results of inotropic agents in patients

who do not react on vasopressor therapy’ '*.

As established vasospasm prophylaxis, CCB
were investigated for their potential role in tre-
atment'’. Nimodipine, an L-type CCB, is curren-
tly the only pharmacologic agent showing an
improvement in neurological outcomes when
used for a period of 21 days, every 4 h after
aneurysmal rupture, suggested by the current
guidelines of the American Stroke Association'®
'® Intravenous nicardipinedidn’t show effect on
outcomes after three months of use and verapa-
mil is not selective to cerebral vasculature and its
use requires more research™ '*.

Antioxidants, such as methylprednisolone,
tirilazadmesylate andastaxanthin, may prevent
oxidative stress and reduce incidence of DCI” .
Efficacy of astaxanthinin experimental animals
with SAH was investigated. It showed reduction
of brain edema, neural cells apoptosis, and neu-
rological dysfunction. No side effects were re-
ported following astaxanthin use and it may rep-
resent a new promising therapeutic option '°.

In order to obtain direct effect on early brain
injury, vasodilators should be introduced
immediately after admission tohospital'®Beta-
estradiol, a potent vasodilator, was tested, but
showed large number of adverse effects' *. Nit-
ric oxide donors, such as: sodium nitrate, sodium
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nitroprusside, and nitrite, were investigated in
experimental studies'®. Results showed that they
prevent CVS ina primatemodel, but they are not
useful clinically due to their short half-life and its
potential toxicity”'®. Nonsteroidal anti-inflam-
matory drugs may reduce inflammatory response
and decrease the odds for poor outcomes, but
they are not used in practice due to mixed results
'® Clinical studies with antiplatelet agents and
inhibitors of thrombus formation showed
contrasting outcomes: one study showed reduced
risk of cerebral infarction in patients using
aspirin and another study showed increased
hemorrhagic volume in patients habitually using
cyclooxygenase inhibitors'®"®.  Experimental
models showed improvement of neurological
performanceafter limitation of neuronal inflam-
mation'®,

Interventional treatment

Recent recommendations from the American
Stroke Association recommend the use of per-
cutaneous transluminal angioplasty (PTA) and/or
selective intra-arterial vasodilator therapy in pa-
tients with symptomatic CVS, especially in those

without quick response to hypertensive therapy”
13,17, 21

PTA for the treatment of CVS was first desc-
ribed in 1984."7 Later publications showed that
PTA reverses angiographic spasm of large
proximal CVS, augments CBF, and may reverse
neurological deficits > . Angioplasty with intra-
arterial (IA) administration of papaverine may
show better efficacy when distal vessels are af-
fected with CVS °.Some investigators have sug-
gested that TA papaverine has influence on
paradoxical vasospasm, increased intracranial
pressure and has neurotoxic effects, which limi-
ted its clinical utility”'®*. Several case series
have shown better safety results of other IA va-
sodilators, including: verapamil, nicardipine, ni-
modipine, and milrinone, than papaverine, but
that was not supported by adequate trials °
"7 Several retrospective studies with propose neu-
rological progress after one dose of IA verapamil
"7 There are evidences that indicate reduction of
angiographic evidence of spasm after treatment
with IA nicardipine bolus'®?'. TIA Dantrolene
might be valuable in serious cases and was also
used intravenously for treatment of refractory va-
sospasm '**2. A small case series of patients who
were treated with continuous IAnimodipine for
1-5 days had improvement in angiographic vaso-
spasm, and 13 of them gave the impression of
good respond to treatment".

Intraluminal balloon angioplasty has best
treatment reportsfor refractory vasospasm due to
the enhancement in vessel diameter and clinical
improvement after treatment'*2.This interven-
tion is often used in patients that don’t show
improvementafterhyperdynamic therapy®>'. It is
performed by a catheter that introduces a bal-
loon, which is inflated inside the lumen of the af-
fected vessel '.In general, balloon angioplasty
can be used for accessible lesions and accompa-
nies infusion of vasodilators such as CCB and
phosphodiesterase inhibitor (milrinone) for more
distal vessels °.

Transient aortic obstruction is described as
novel approach for CVS treatment™. It is
executedwitha balloon catheter, inserted into the
femoral artery and inflated about and below the
renal arteries, for the sake of occlusion of the ab-
dominal aorta lumen to 70 % of its diameter'” '°.
It has been shown that this approach impro-
VesC1;3F in experimental ischemic stroke pati-
ents .

CONCLUSION

Vasospasm after ASAHstill presents a de-
manding issue®>. The only type of treatment for
cerebral vasospasm after SAH, which is recogni-
zed at present, is induced hypertension with the
maintenance of euvolemia’. Despite the accepted
practice of Nimodipine and its positive outcomes
it is not possible to use it per se'®. Balloon
angioplasty and intra-arterial vasodilator therapy
are common in practice, but their outcomes are
still ambiguous’. Novel approaches with immu-
nomodulators, anesthetics, hypothermia, acupun-
cture, neuroprotective agents and multimodal
treatment regimens are under active development
and hold promise in the treatment of vasospasm
in the coming years '>".
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