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Aneurysms 
Yong-fei Liu α, Han-Cheng Qiu σ, Juan Su ρ & Wei-Jian Jiang Ѡ 

Abstract- Cerebral vasospasm (CVS) is a common and severe 
complication of aneurysmal subarachnoid hemorrhage 
(aSAH). Despite the improvement in treatment of aSAH, CVS 
complicating aSAH has remained the main cause of death. 
CVS begins most often on the third day after the ictal event 
and reaches the maximum on the 5th–7th postictal days. 
Several therapeutic modalities have been employed to prevent 
or reverse CVS. The aim of this review is to emphatically 
introduce some kind of pharmacological agent for vasospasm. 
Keywords: cerebral vasospasm, subarachnoid 
hemorrhage, aneurysms, drug treatment. 

I. Introduction 

osthemorrhagic cerebral vasospasm (PHCV) is a 
major cause of death and permanent disability in 
patients with aneurysmal subarachnoid 

hemorrhage (aSAH), which may account for almost 50% 
of the deaths among those surviving in the initial ictus[1]. 
Despite the improvement in the treatment of aSAH with 
reduced mortality by almost 50% over the last 20 
years[2], angiographic Cerebral vasospasm (CVS) is very 
common, affecting up to 70% of aSAH patients, which 
has a predictable time course: delayed onset between 
day 3 and 5, maximal narrowing between day 5 and 14, 
and then gradual resolution over week 2–4. Nearly half 
of these patients, about 30% of all aSAH survivors, will 
develop a delayed ischemic neurological deficit (DIND), 
also called symptomatic CVS [1]. The incidence of 
symptomatic CVS varies between 17% and 48%[3-5]. 
Although endovascular devices and treatment 
techniques are continuously developing, these minimally 
invasive procedures still carry treatment-specific risks. At 
present drug treatment is still the main therapeutic 
choice, and this review mainly introduces the recent 
development of drug treatment.  
 
 

   
 

 
 

  

 
  

 
   

II. Materials and Methods 

An extensive literature search through the 
PubMed, Embase and SciFinder database was 
performed without language restrictions using the 
following terms: (cerebral vasospasm) AND (aneurysm 
subarachnoid hemorrhage) AND (drug OR medicine OR 
pharmacon) AND (review OR animal experimental OR 
clinical trial). At present, the most commom drugs for 
preventing and treating cerebral vasospasm were 
classified into the following drugs: calcium channel 
blocker, fasudil, magnesium, statins, hormones, 
phosphoiesterase inhabitor, endothelin-1 antagonists, 
nitric oxide, heparin and fibrinolysis. 

a) Calcium channel blocker (CCB) 
i. Nimodipine 

Nimodipine is a dihydropyridine agent that 
blocks voltage-gated calcium channels and has a 
dilatory effect on arterial smooth muscle. It is the only 
FDA-approved agent for vasospasm with a half-life of 
about 9 hours [6]. Its beneficial effect on CVS derives 
most likely from its neuroprotective properties compared 
to arterial smooth muscle cell relaxation [7]. Nimodipine 
may achieve favorable results in angiographic response 
and clinical outcomes as well as low complication rate. 
In addition, nimodipine may reduce the risk of 
secondary cerebral ischemia after aneurysmal 
haemorrhage. Safety and effectiveness of nimodipine 
was recently shown in a meta-analysis conducted in 
2011, in which administration of nimodipine was 
contributed to a significant prevention of CVS after 
aneurysm rupture (p<0.00001) [8].  

Oral administration of 60mg nimodipine every 4 
hours over a period of 21 consecutive days is 
recommended by the current guidelines of the American 
Stroke Association [9,10]. Some experts have proposed 
the scheme of 30mg oral nimodipine every 2h is more 
conducive to alleviate vasospasm, especially for the 
patients with low blood pressure [11]. But its efficiency 
and safety is needed to be evaluated. Intra-arterial (IA) 
nimodipine infusion is an effective and safe treatment for 
symptomatic CVS [12,13]. In 2009, one prospective 
randomized clinical trial showed no difference in 
ischemia prevention and prognosis improvement 
between intravenous (IV) and oral administration of 
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nimodipine [14]. In 2011，Onal et al. [15] performed an 
experiment in rabbits to investigate the comparative 
effects of nimodipine administrated by several 
pathways, and their study showed that selective IA 
administration of nimodipine and intrathecal injection 
(IT) of nimodipine were better than IV and oral 
administration for chronic vasospasm following SAH. 

Recently a group of randomized controlled 
experiments showed that topical administration of 
nimodipine did not significantly improve cerebral blood 
flow (CBF) following SAH [16]. These findings were not 
consistent with our previous data which demonstrated 
that the topical administration of nimodipine significantly 
alleviated CVS following aSAH detected by transcranial 
Doppler (TCD).  

During the actual clinical practice, we have 
used nimodipine as the treatment of aSAH, which was 
common for vascular spasm. The unresolved issue is to 
determine how nimodipine improves aSAH outcomes 
and its mechanism of limiting delayed cerebral ischemia 
(DCI). In the future more fundamental research is 
needed to clarify the mechanism of nimodipine. 

ii. Nicardipine 
Nicardipine is a dihydropyridine agent that 

selectively inhibits calcium ion inflow into the smooth 
muscle, which is a potent antihypertensive drug. Due to 
regional selectivity in cerebrovascular smooth muscle, 
nicardipine has also been investigated in the treatment 
of vasospasm following aSAH. However, earlier studies 
showed that nicardipine may be associated with a poor 
outcome and mortality in patients with CVS. 

IA nicardipine is most commonly used in the 
treatment of CVS after subarachnoid hemorrhage (SAH) 
mode, which also brings various complications, 
including pulmonary oedema, prolonged hypotension 
and renal failure. Interestingly, given those 
complications caused by nicardipine and the results of 
many studies that nicardipine does not improve poor 
outcomes of CVS, its use in clinical practice is 
controversial. It should be cautious to use IA nicardipine 
as the treatment of vasospasm, and physicians should 
be ready to manage the potential severe adverse 
effects. 

In 2005, Hoh et al.[17] revealed significant 
improvement in TCD velocity studies (p<0.01) and 
improved clinical outcomes in 42% of the patients four 
days after IA nicardipine treatment, and no drug-related 
complications were reported. A recent meta-analysis by 
Huang et al. suggested that the risk of poor outcomes 
(death, vegetative state, or dependency) was reduced 
by nicardipine in patients after aneurysmal SAH[18]. In 
2011, a review of randomized controlled trials and meta-
analyses in the literature revealed that nimodipine 
demonstrated benefit following aSAH, however, other 
calcium channel blockers, including nicardipine, did not 
provide unequivocal benefit[8]. 

Nicardipine is a second-generation dihydrop-
yridine-type CCB that was developed approximately 30 
years ago. Therefore, nicardipine may act in 
neuroprotection as a preventive factor of the CVS due to 
its vasodilator property and a peculiar cerebrovascular 
profile[18]. However, considering individual differences of 
the patients and hypotension complication, clinical 
application of nicardipine is still limited. Therefore, 
additional large Phase III trials are required before this 
therapeutic approach can be introduced into routine 
use. Modification of the presented conclusion may be 
justified after publication of the prospective multicentre 
clinical trials. 

iii. Verapamil 
Like nimodipine, the CCB verapamil also blocks 

voltage-gated calcium inflow into the smooth muscle 
cells of the artery. However, verapamil has been used to 
treat coronary vasospasm in a long time according to 
the literatures. Its use in the treatment of refractory 
coronary spasm is safe and effective, which is also 
advantageous in availability and low price[19, 20]. Alana et 
al.[21] prospectively studied the subjects with vasospasm 
scheduled for cerebral angiography with possible IA 
injection of verapamil, and their results refuted earlier 
reports that suggested IA verapamil was not associated 
with systemic hemodynamic effects. Mikeladze et al.[22] 
reported a female case which had selective IA 
administration of verapamil for the treatment of CVS 
after severe subarachnoid parenchymal hemorrhage 
due to the internal carotid artery bifurcation aneurysm, 
and the result showed good clinical outcomes. 

Although verapamil is a CCB, it is not selective 
to cerebral vasculature. There is a controversy as to the 
systemic hemodynamic effects of IA verapamil. Some 
studies have indicated no effect of IA verapamil on 
systemic blood pressure or heart rate [23]. In contrast, 
Stuart et al. have demonstrated significant reduction in 
mean arterial blood pressure several hours after IA 
injection of verapamil in their retrospective study [20]. 
Although IA administration of verapamil can theoretically 
alleviate CVS, its clinical application is limited. Moreover, 
duration of the pharmacological effects of IA verapamil 
on the cerebral circulation remains unknown. More 
research is required to evaluate its benefits in preventing 
delayed ischemic neurological deficits (DINDs) following 
SAH.  

b) Fasudil 

Fasudil hydrochloride is a Rho kinase inhibitor, 
which has inhibitory effect on protein phosphorylation. It 
has been reported that various protein kinases, such as 
protein kinase C, light chain kinase and Rho-kinase, 
may play a critical role in the signal transduction 
pathway of CVS [24]. Thereby fasudil is contributed to a 
unique and effective anti-CVS effect without significantly 
lowering blood pressure. Preoperatively prophylactic 
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use of anti-spasm drugs significantly reduces 
intraoperative and postoperative complications [25]. 

Juan Liu et al. [26] investigated the role of fasudil 
in preventing CVS in extracranial carotid artery stenting. 
They retrospectively analyzed 178 patients with unilateral 
carotid angioplasty and stenting (CAS) who were given 
IV fasudil hydrochloride during the perioperative period. 
The results showed that local CVS was absent in 80.9 % 
patients, asymptomatic vasospasm was observed in 
17.4 % patients and symptomatic vasospasm in 1.7 % 
patients via DSA imaging. 

Shin-ichi Satoh et al.[27] used canine and rat 
model to verify validation effect of fasudil in the 
treatment of vasospasm and proved the effectiveness. It 
was suggested that hydroxyfasudil was contributed to 
the potency of fasudil to prevent CVS and 
hyperviscosity, and the potential utility of hydroxyfasudil 
as a therapeutic agent for patients with SAH was also 
suggested. However, Naraoka M et al.[28] employed the 
double-hemorrhage rabbit model to investigate whether 
the combination treatment, consisting of pitavastatin as 
an inhibitor of RhoA and fasudil as an inhibitor of Rho-
kinase, prevented CVS. And the results showed the 
cross-sectional area of basilar artery were significantly 
increased only by the combination treatment, and the 
separate use of fasudil or pitavastatin had no significant 
effect. 

Liu Guang Jian et al. [29] conducted a systematic 
assessment and meta-analysis on fasudil, which 
demonstrated that occurrence of CVS and cerebral 
infarction was greatly reduced by fasudil in SAH 
patients, and clinical outcomes of the patients (as 
assessed by the Glasgow Outcome Scale) were 
significantly improved. Due to the limited number of 
samples and trials, the conclusion still requires further 
verification by large randomized controlled clinical trials. 

c) Magnesium 
Magnesium sulfate is first used in pre-eclamptic 

pregnant women to reduce uterine smooth muscle 
contractions. It is a noncompetitive calcium antagonist 
with several important vascular and potentially 
neuroprotective effects [30]. Magnesium has the effect of 
vasodilatation by blocking the voltage-dependent 
calcium channel and decreasing glutamate release as 
well as the entry of calcium into the cell [31]. In addition, 
magnesium also attenuates the effect of various potent 
vasoconstrictors, such as endothelin 1, and blocks the 
formation of reactive oxygen species [32]. 

These potential effects of magnesium on 
vasodilation and consequent neuroprotection have 
driven some investigators to study the role of 
magnesium in preventing CVS and DCI after SAH. 
Maintenance of a normal magnesium level is 
reasonable, but the use of a continuous magnesium 
infusion does not seem to be supported by the evidence 
[33]. A trial published showed a trend toward an 

increase in percentage of patients attaining favorable 
neurological outcomes in the magnesium sulfate              
group [34]. However, in 2013, one meta-analysis showed 
that magnesium did not increase the probability of good 
neurologic outcomes (risk ratio [RR], 1.02; 95% 
confidence interval [CI], 0.97-1.07; P = .49; 12 trials, n 
= 2345) or decrease the risks of cerebral infarction [35]. 
Another randomized controlled trial showed that the 
patients with a higher serum magnesium concentration 
had a reduced incidence of vasospasm indicated by 
angiography, but it was not statistically significant [36]. 
In 2015, a randomized controlled trial revealed 
continuous cisternal irrigation with magnesium sulfate 
solution from Day 4 to Day 14 significantly inhibited CV 
in patients with aSAH, however, no improvement was 
found in reducing the incidence of DCI and functional 
outcomes [37]. 

The effect of magnesium sulfate in the 
treatment of aASH is not definite. Early studies have 
shown that magnesium sulfate is contributed to better 
outcomes of aASH, but the recent studies demonstrate 
that magnesium sulfate treatment has no significant 
effect. Therefore, further research focusing on clinical 
effect, dosage and side effects, etc., is required in the 
future. 

d) Statins 
Statins were discovered in Japan by Kuroda 

and Akira in 1971[38]. The initial aim was to isolate 
microbial metabolites capable of inhibiting 3-hydroxy-3-
methylglutaryl coenzyme A (HMG-CoA) reductase, the 
main enzyme responsible for the synthesis of 
cholesterol. Later, some authors found statins had not 
only cholesterol-lowering effects but also some 
pleiotropic effects (eg., downregulation of inflammation, 
upregulation of endothelial and nitric oxide synthesis) 
[39]. Statins are HMG-CoA reductase inhibitors, which 
seem to have an important role in vasospasm 
prevention. The proposed mechanism of the action of 
statins involves induction of NO pathway and dilation of 
cerebral vessels, thereby leading to improved cerebral 
blood flow[40].          

In 2005, two small randomized placebo-
controlled studies with a total of 119 patients who 
received either pravastatin or simvastatin showed a 
reduction of cerebral artery narrowing, less delayed 
cerebral ischaemic events and an improvement in 
functional patient outcomes. DINDs were significantly 
reduced in patients treated with simvastatin. Although 
many studies have shown that early statins treatment is 
effective for CVS, its wide use in clinical practice is 
controversial. In 2010, a randomized, double-blind, 
placebo-controlled pilot study of simvastatin and a 
systematic review revealed no significantly beneficial 
effect of statins in patients with aSAH[41]. In 2013, 
another trial showed that simvastatin had benefit in 
reduction of clinical vasospasm and mortality as well as 
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improvement of functional outcomes, but it was not 
statistically significant[42]. Recently, meta-analyses for 
patients with SAH show no benefits of statins-use to 
reduce the incidence of vasospasm, which was quite 
different from the results of previous meta-analysis [43,44]. 
However, whether statin therapy after subarachnoid 
hemorrhage vasospasm is effective or not remains to be 
confirmed. 

e) Hormones 

i. Erythropoietin (EPO) 

EPO is a 165-amino acid sialoglycoprotein. 
There are few studies on EPO treatment in aSAH, and 
most aim at anemia treatment after SAH. Early animal 
studies and in-vitro experiments have suggested that 
EPO has a neuroprotective role in cerebral ischaemia 
[45].  

A growing body of evidence has been 
accumulated regarding the employment of EPO in the 
management of CVS. However, the mechanism of EPO 
action to decrease occurrence of vasospasm remains 
poorly understood. Several different mechanisms such 
as inflammation limitation, apoptosis inhibition, oxidative 
damage limitation, and neurogenesis upregulation have 
been postulated to explain EPO’s neuroprotective action 
[46,47]. 

 

In 2010, one review revealed that the use of 
EPO may not necessarily reduce the incidence of

 

vasospasm after SAH, but it may reduce the severity 
and its eventual outcome [46]. In 2013, a randomized 
controlled animal study suggested that timely EPO 
application in SAH was sufficient to prevent delayed 
proximal CVS, but the doses were insufficient to improve 
microcirculation or show directly neuroprotective effect 
[48].

 

EPO treatment in CVS after SAH still stays in the 
animal experiment level, and a large number of 
prospective clinical studies are lack. Although the 
number of patients investigated is

 
smaller, this treatment 

approach may be a promising option in the acute phase 
of aSAH.

 

ii.
 

Estrogen
 

Estrogen, specifically 17β-estradiol (E2), 
possesses powerful vasodilatory, anti-inflammatory, and 
neuroprotective properties. Though its current use 
remains limited to in-vivo animal models of experimental 
SAH，

 
E2 has potential therapeutic implications for 

ameliorating the DINDs which follow aneurysmal SAH 
[49]. Derived from cholesterol, E2 is a powerful 
vasodilator with the potential to prevent or reverse the 
vasoconstriction which occurs in CVS. Some 
experiments have shown that estrogen promotes 
vasodilatation by three mechanisms: (1) attenuating the 
up-regulation of endothelin-1 receptors after SAH as 
cited above [50]; (2) inducing the up-regulation of L-type

 

calcium ion channels of smooth muscle cells; (3) 

decreasing SAH-induced inducible nitric oxide synthase 
(iNOS) expression, and normal endothelial nitric oxide 
synthase (eNOS) expression [51].  

It is suggested that E2 may have 
neuroprotective properties as follows (1) E2 decreases 
expression of the critical proinflammatory cytokine, 
tumor necrosis factorα(TNFα), by reducing activity of c-
JunN-terminal kinase (JNK) [52]; (2) E2 increases 
expression of the antioxidant thioredoxin (Trx) in a 
cGMP-dependent manner[53]. Trx decreases oxidation 
damage and inhibits apoptosis; (3) Neuroglobin (Ngb) 
is a protein which regulates neuronal oxygen 
homeostasis by binding to oxygen with a higher affinity 
than hemoglobin[54]. Recently, we found that, in 
neurones, Ngb was pivotal for hormone-induced anti-
apoptotic effects against H2O2 toxicity, which may 
protect brain tissue from oxidative inflammatory 
injury[55], while E2 increased Ngb expression.（4）E2 
has been found to exert antiapoptotic effects through 
upregulation of adenosine A2a receptor (A2aAR) and 
extracellular signal-regulated kinases 1 and 2 (ERK1/2) 
expression[56].（5）The current in vivo evidence 
presented by Kao et al. [57] implicates  Akt signaling 
pathway in E2-mediated neuroprotection. 

Estrogen possesses powerful vasodilatory, anti-
inflammatory, and neuroprotective properties, but its 
current use in CVS remains limited to animal models of 
experimental SAH. E2 has been successfully used in 
clinical treatment of CVS and DCI following SAH, but a 
lot of clinical studies are also required to provide robust 
evidence[49]. 

f) Phosphodiesterase Inhibitors 
i. Milrinone 

Milrinone is a phosphodiesterase III inhibitor 
that affects cyclic adenosine monophosphate (cAMP) 
pathways with both inotropic and vasodilatory effects. Its 
first use in CVS after intracranial aneurysm rupture dated 
back to 2001 [58]. IA milrinone is a safe and effective 
treatment of CVS after aSAH. A study investigating the 
effects of milrinone in 14 patients reported a significant 
improvement of vasospasm assessed by angiographic 
control (p<0.0001) [59]. 

The specific mechanism of milrinone is unclear. 
Many authors agree it can improve cerebral 
microcirculation, without changing cardiac output. Some 
authors also propose milrinone acts through anti-
inflammatory pathway to alleviate CVS[24]. Saurabh et 
al.[60] reported a patient with severe vasospasm who was 
treated with continuous IA administration of nimodipine 
combined with milrinone and excellent result was 
achieved. Thus they proposed higher dose of these 
drugs may be used to effectively control severe CVS. 

Although it has been showed that continuous IA 
injection of milrinone, especially combined with other 
drugs, is effective in relieving CVS, the side effect of 
hypotension makes its clinical application very limited. 

© 2016  Global Journals Inc.  (US)
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This risk is to thwart the favorable vasodilatory effect on 
cerebral blood flow. More prospective studies are 
needed to study which dose is safe and the most 
effective to patients. 

ii. Papaverine 
Like milrinone, papaverine is a 

phosphodiesterase inhibitor. The use of papaverine as a 
vasodilator was instigated by the observation during 
surgery that papaverine, when applied directly on the 
arterial wall, relieved arterial vasospasm during 
aneurysm surgery. For a long time, papaverine has 
been widely employed in IA vasodilator therapy 
procedures. However, in the current clinical practice, it is 
infrequently used given concerns about potential 
neurotoxicity, including transient or permanent 
monocular blindness, mydriasis, transient hemiparesis, 
seizures, gray matter necrosis, cardiac dysfunction, 
respiratory arrest[61], increased intracranial pressure and 
irreversible brain tissue damage[62]. IV administration of 
papaverine is not favorable for CVS because of its 
vasodilatory effect on the peripheral vasculature and the 
transient nature of its efficacy [63].  

Complications of papaverine make its use in 
clinical practice very limited. Since papaverine relieves 
spasm more obviously, some surgeons still use it to 
ease CVS during operation. Future clinical use of 
papaverine to treat CVS, and what dose of papaverine 
can maximize its effect with minimum complications still 
need further research. 

iii. Cilostazol 

Cilostazol is an anti-platelet drug. It inhibits 
phosphodiesterase activity of platelet and vascular 
smooth muscle, thereby increasing its anti-platelet effect 
and vasodilator effect of cAMP concentration. A 
multicenter prospective, randomized, open-label blinded 
end point trial demonstrated effectiveness in oral 
administration of cilostazol in preventing cerebral 
vasospasm with a low risk of severe adverse events 
following aSAH [64]. Niu et al.[65]

 

conducted a systematic 
review and meta-analysis on the treatment of aSAH 
patients and found cilostazol significantly decreased the 
rate of symptomatic CVS (p＜0.001), severe CVS (p = 
0.007), CVS-related cerebral infarcts (p = 0.001), and 
poor outcomes, defined as modified Rankin Scale score 
of at least 3 at follow-up (p= 0.011). Based on this 
meta-analysis, cilostazol appears to reduce CVS-related 
morbidity following aSAH without affecting its mortality.  

Cilostazol alleviates CVS, but the specific 
mechanism is unclear. The effect is supported by 
Shimamura et al.’s study [66] in which cilostazol is used 
to prevent phenotypic transformation of smooth muscle 
cells (SMC) along with requisite experimental evidence.  

To conquer CVS in its complexity, it is 
necessary to elucidate its general, underlying 
mechanism. Additionally, studies with longer follow-up 
and more detailed functional measurements are 

required to determine the effect of cilostazol on 
neurocognitive outcomes following aSAH. 

g) Endothelin-1 Antagonists: Clazosentan 
It is widely accepted that interaction between 

ET-1 and NO is critical for maintaining adequate 
cerebral vascular dilatation and sufficient cerebral blood 
flow during Asah[67]. Clazosentan is one of the most 
promising pharmacological agents employed for the 
prevention or reversal of CVS. Animal studies have 
demonstrated that clazosentan is a competitive 
endothelin-1 receptor antagonist[68]. It is reported that 
clazosentan prevents CVS and improves outcomes of 
aSAH in a dose-dependent manner[69]. 

Two meta-analyses of randomized controlled 
trials[70, 71] examined whether clazosentan treatment after 
aneurysmal SAH significantly reduced the incidence of 
DINDs and DCI and improved outcomes. Both showed 
that clazosentan treatment after aneurysmal SAH 
significantly reduced the incidence of the vasospasm-
related DINDs and DCI. However, subsequently a 
randomized, double-blind, placebo-controlled study[72] 
claimed that clazosentan did not significantly decrease 
mortality/vasospasm-related morbidity and increase 
poor functional outcomes in patients with aneurysmal 
SAH undergoing surgical clipping. 

As the treatment of CVS after aSAH, 
clazosentan is still controversial, and there is still a long 
way to go for its wide use in clinical practice. Further 
study is required to elucidate the dissociation between 
vasospasm-related morbidity and outcomes. 

h) Nitric Oxide (NO) 
NO is a key signaling molecule in the regulation 

of cerebral blood flow. Reduced NO in blood and 
cerebrospinal fluid is a possible mechanism underlying 
CVS. Hemoglobin released following aneurysmal rupture 
inhibits NO production by endothelial NO synthase and 
decreases NO concentration for smooth muscle cells, 
leading to vasoconstriction[73]. It has been shown that 
the presence of hemoglobin and its degradation 
products disrupt signaling between the vascular 
endothelium and the underlying smooth muscular 
layer[74]. It has been demonstrated that NO constitutes 
a potent endogenous vasodilator, which directly acts on 
vascular smooth cells, causing vascular relaxation [75]. In 
addition, NO also has neuroprotective function[76]. 

Earlier studies have demonstrated that 
decrease of cerebrospinal fluid NO metabolites is 
observed within 10 min after aSAH, which is associated 
with vasoconstriction[77]. This is thought to be secondary 
to destruction of nitric oxide synthase NOS function by 
haemoglobin. Decreased NO bioavailability is also 
caused by the reaction of cerebral NO and superoxide 
anions to produce peroxynitrite [78]. 

Despite the controversies about NO dysfunction 
after aSAH, animal evidence has indicated that 
increasing cerebral NO levels either directly using 
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inhaled NO or indirectly using NO donors has 
neuroprotective effects. More prospective randomized 
controlled experiments are required in the future, and 
more in-depth research on the clinical application of NO 
is necessary to provide a more reliable basis for its 
clinical application. 

i) Heparin  
Heparin is a pleiotropic drug, which has many 

effects on antagonizing molecular mechanisms of 
secondary brain injury after aSAH, including endothelin 
mediated vasoconstriction, the activity of free radicals 
and antifibrotic effects. A recent study has revealed that 
low-dose intravenous heparin infusion in patients with 
aSAH may reduce occurrences of symptomatic 
vasospasm and infarcts with high safety and efficacy [79]. 
An double-blind, randomized comparison of enoxaparin 
versus placebo has showed that enoxaparin may 
reduce CVS and ischemia following SAH (Hunt Hess 
grades I−III) [80]. However, more trials about dose and 
safety assessment of heparin after aSAH will be needed 
to reduce or prevent related complications and improve 
outcomes. 

j) Fibrinolysis  
The severity of CVS may be associated with the 

volume and distribution of the subarachnoid clots. 
Intraventricular fibrinolysis has been clinically tested to 
faster clearance of subarachnoid clots since the early 
1990s. Intracisternal administration of low-dose rt-PA for 
the prevention of CVS after SAH has been demonstrated 
safe and effective [81]. Recently, a randomized, open-
label phase II study on concomitant low-frequency 
head-motion therapy and intraventricular rt-PA has been 
administrated in patients after surgical or endovascular 
treatment for aSAH, with effective subarachnoid clot 
reduction, despite a poor effect on radiographic 
vasospasm, cerebral infarction, or neurological outcome 
[82]. Though clearance of subarachnoid clots to prevent 
CVS has been accepted, optimal administration and 
dosage of fibrinolysis still need to be established. 

III. Results 

At present, there are many CVS medications, 
including calcium channel blockers, phosphodiesterase 
inhibitors, endothelin antagonist-1, hormones, nitric 
oxide preparation, etc. Administration is also various, 
including oral, intra arterial injection, intravenous 
injection, intrathecal injection, etc. However, oral 
administration of nimodipine is still a valid approach for 
the treatment of CVS, which is also the only FDA-
approved agent for treatment of vasospasm. During 
clinical practice, clinicians rarely use a single drug, and 
the combined use of two or more drugs is more 
common. 

 
 

IV. Discussion 

CVS is a potentially devastating complication 
that occurs in nearly half of patients who survive within 
the first 24h after aSAH from a ruptured cerebral 
aneurysm. Subsequent DCI and/or DINDs are 
contributed to death of these patients. Early prevention 
and/or treatment of CVS are very important. The 
pathogenesis of CVS is a complex process, which is still 
not very clear. Thus the treatment is relatively difficult. At 
present, drug treatment is still the main therapeutic 
choice to prevent or reverse CVS, especially oral 
administration of nimodipine. Although endovascular 
devices and treatment techniques are continuously 
developing, these minimally invasive procedures still 
carry treatment-specific risks. Transluminal balloon 
angioplasty is probably a more durable intervention, and 
posterior cerebral artery may also be amenable to 
angioplasty. Angioplasty should be considered a 
complementary choice to intraarterial vasodilator 
therapy; angioplasty should be reserved for proximal 
vessels and vasodilator therapy is more useful for distal 
or diffuse disease. Although these IA vasodilators 
available may increase vessel diameter, there is still 
lacking convincing evidence about improvement in 
clinical outcomes of the patients.  

V. Conclusion 

Vasospasm still represents a challenging 
problem after aSAH. Its pathogenesis is not clear, 
although there have been many researches on the 
treatment of CVS. There are abundant treatment 
schemes, but only oral nimodipine is proved to be 
effective. Several IA vasodilators are also available, but 
they merely increase the diameter of blood vessels 
without robust evidence of improving clinical outcomes 
of the patients. This discrepancy may be explained by 
the fact that vasospasm is not the sole factor 
responsible for poor functional outcomes. More in-depth 
study on the pathogenesis of CVS and targeted 
research of the effective treatments are required, so as 
to improve poor outcomes of the patients and reduce 
the related mortality and morbidity of CVS. 

List of abbreviations 
CVS     cerebral vasospasm 
aSAH   aneurysmal subarachnoid hemorrhage 
PHCV   posthemorrhagic cerebral vasospasm 
DIND    delayed ischemic neurological deficit 
SAH     subarachnoid hemorrhage 
CCB    calcium channel blocker 
IA        intra-arterial 
IV        intravenous 
IT        intrathecal injection 
CBF    cerebral blood flow 
TCD    transcranial Doppler 
DCI     cerebral ischemia 
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CAS     carotid angioplasty and stenting 
HMG-CoA   3-hydroxy-3-methylglutaryl coenzyme A 
EPO            Erythropoietin; iNOS: nitric oxide synthase 
eNOS          endothelial nitric oxide synthase 
TNFα           tumor necrosis factorα 
JNK             c-JunN-terminal kinase 
Trx               thioredoxin 
Ngb             Neuroglobin 
A2aAR         A2a receptor 
ERK1/2      extracellular signal-regulated kinases 1 and 2 
cAMP        cyclic adenosine monophosphate 
NO            Nitric Oxide 
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