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Efficacy of Intra-Arterial Nimodipine Therapy in The 
Treatment of Vasospasm After Subarachnoid Hemorrhage

Subaraknoid Kanama Sonrası Gelişen Vasospasmın Tedavisinde İntra 
Arterial Nimodipin Tedavisinin Etkinlği

Amaç: Bu çalışmada spontan subaraknoid kanama nedeni ile yatırılıp 
anevrizma cerrahisi sonrası vasospasma giren ve tedavide intra arterial 
nimodipin verdiğimiz hastaların sonuçları üzerinden intra arterial 
nimodipin tedavisinin etkinliğini incelemeyi amaçladık

Gereç ve Yöntem: Çalışmaya Ekim 2015 – Aralık 2019 tarihleri 
arasında Kliniğimizde serebral vasospasm saptanan ve intra – arterial 
nimodipine tedavisi uygulanan 37 hasta çalışmaya dahil edildi. 
Vasospasm saptanan hastalarda internal karotid artere selektif olarak 
katater yerleştirlip bu kataterden 1 – 2 mg nimodipine 50 cc serum 
fizyolojik ile sulandırılıp yavaş infüzyonla verildi.

Bulgular: Çalışmamızda intra – arteriyal nimodipin uygulaması 
sonrasında tedavi başarı oranımız %78,4 (29 olguda nörolojik muayene 
tamamen düzeldi) olarak saptandı. Olguların %13,5’inde klinik düzelme 
olmaz iken; %8,1’inde klinik kötüleşme saptandı. Olgularımızın %86.4’ü 
iyi skorla (mRS 0, 1) taburcu edildi. 

Sonuç: Sonuç olarak subaraknoid kanama sonrası morbidite ve 
mortaliteyi doğrudan etkileyen serebral vazospazmda intra – arteriyal 
nimodipin tedavisinin ucuz, güvenli ve başarılı olduğunu gösterdik. 
İntra – arteriyal nimodipinin tedavisinin serebral vasopazmdaki 
etkinliğinin net olarak ortaya konulabilmesi için standart doz 
ve uygulama sürelerinin prospektik çalışmalarla gösterilmesi 
gerekmektedir.

Anahtar Kelimeler: Spontan subaraknoid kanama, Vasospazm, İntra 
arterial nimodipin tedavisi

Abstract Öz

  Vedat Acik1

Background: This study aims to investigate the efficacy of intra-
arterial nimodipine therapy in treating patients that presented 
with spontaneous subarachnoid hemorrhage and developed 
vasospasm following aneurysm surgery.
Material and Method: The study includes 37 patients that 
underwent intra-arterial nimodipine therapy for the treatment of 
cerebral vasospasm between October 2015 and December 2019. 
In patients that developed vasospasm, a catheter was selectively 
inserted into the internal carotid artery, 1–2 mg of nimodipine was 
diluted with 50 ccs of saline, and was slowly infused through the 
catheter.
Results: In our study, we found the success rate of intra-arterial 
nimodipine administration to be 78.4% (neurologic findings 
completely improved in 29 cases). The clinical condition did not 
improve in 13.5% of cases and worsened in 8.1%. 86.4% of our 
patients were discharged with good outcomes (mRS score 0–1). 
Conclusion: We conclude that intra-arterial nimodipine therapy 
is a cost-effective, safe, and successful method for the treatment 
of cerebral vasospasm, a condition that directly affects morbidity 
and mortality after subarachnoid hemorrhage. Prospective studies 
are needed to determine standard doses and application times in 
order to establish the efficacy of intra-arterial nimodipine therapy 
in treating cerebral vasospasm.
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INTRODUCTION
Cerebral vasospasm is the most major cause behind morbidity 
(decreased cerebral blood flow, ischemic neurological deficits, 
and cerebral infarction) and mortality associated with 
aneurysmal subarachnoid hemorrhage.[1] Cerebral vasospasm 
develops within 48 hours after subarachnoid hemorrhage as 
a result of inflammatory response but is rarely detected with 
angiography within the first 3 days.[2] It is usually determined 
5 to 14 days after subarachnoid hemorrhage and begins to 
improve within 2 to 4 weeks.[3,4] Because of its multifactorial 
etiopathogenesis, several treatment options have been 
proposed for the treatment of cerebral vasospasm. Despite 
the advanced treatment efforts, 15-20% of these cases result 
in clinical cerebral infarction.[5,6]

Pentoxifylline and facial nerve stimulation are more recent 
treatment options whereas common treatment options include 
clazosentan, balloon dilatation, intra-arterial papaverine, 
and nimodipine [isopropyl (2-methoxy-ethyl) 1,4-dihydro-
2,6-dimethyl-4-(3-nitrophenyl)-3,5-pyridinedicarboxylate].
[1,2,7-10] Despite all these proposed treatment options, the 
only conventional evidence-based treatment method is 
hemodynamic therapy, which involves the manipulation of 
blood pressure, volume, and viscosity to improve cerebral 
blood flow. And even this treatment method is associated 
with a 20 to 30% risk of complications.[11] In patients that have 
severe persistent cerebral vasospasm that does not respond 
to hemodynamic therapy, the last resort for the prevention of 
cerebral infarction seems to be endovascular treatment such 
as transluminal balloon angioplasty or the selective intra-
arterial administration of vasodilators.

Previous studies have stated that intra-arterial nimodipine 
therapy is a safe and effective way to treat cerebral vasospasm.
[12] In this study, we aimed to investigate the efficacy of intra-
arterial nimodipine therapy in treating patients that presented 
with spontaneous subarachnoid hemorrhage and developed 
vasospasm following aneurysm surgery.

MATERIAL AND METHOD

Study population

This retrospective study was conducted between January and 
April 2020 in the Adana City Training and Research Hospital 
Brain and Nerve Surgery Department. The study was carried 
out with the permission of Adana City Training and Research 
Hospital Clinical Researches Ethics Committee (Permission 
granted 03.06.2020, Decision No. 903). This study was prepared 

in accordance with the Law on Protection of Personal Data, by 
anonymizing patient data and in accordance with the 2013 
Brazil revision of the Helsinki Declaration and guidelines for 
Good Clinical Practice. 

Sixty-thirty eight patients with cerebral aneurysm were 
treated endovascularly or surgically in our clinic between 
October 2015 and December 2019. The patients who 
developed early neurological deterioration and did not 
have any significant indicators of pathology in blood or 
radiography results underwent cerebral angiography for 
suspected cerebral vasospasm. 37 patients that underwent 
intra-arterial nimodipine therapy for cerebral vasospasm 
were included in the study. Other patients were excluded. 
Patients with clinical signs of vasospasm were included 
in the study. Patients with radiological vasospasm and no 
clinical deterioration were excluded from the study. In all 
subarachnoid hemorrhage cases, 2 - h and 3 - h treatments 
were applied in the preoperative and post operative period, 
and despite this treatment, nimodipine treatment was given 
to patients with vasospasm clinic.

The patients' clinical and demographic characteristics, 
cerebral aneurysm localization, Glasgow Coma Scores (GCS), 
Fischer scores, and pre-stroke and discharge modified Rankin 
Scores (mRS) were recorded from patient files.  

Intra – arterial  nimodipine application

Intra-arterial nimodipine administration was performed 
in the angiography department. Patients were brought to 
the angiography department and underwent intra-arterial 
pressure monitoring. Cerebral imaging was performed using 
a diagnostic catheter inserted through a femoral artery 
sheath. In patients that developed vasospasm, a catheter was 
selectively inserted into the internal carotid artery, 1–2 mg of 
nimodipine was diluted with 50 ccs of saline, and was slowly 
infused through the catheter. The patients were monitored 
with intra-arterial blood pressure monitoring during the 
procedure. This procedure was continued for 5–7 days 
according to the improvement of the patients' neurological 
findings.

Statistical analysis

Data were analyzed using SPSS for Windows version 20 (IBM 
SPSS Inc., Chicago, IL). The normality of data distribution 
was evaluated by the Kolmogorov-Smirnov test. Normally 
distributed numerical data were expressed as mean±standard 
deviation. Categorical variables were expressed as numbers 
and percentages.
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RESULTS 
The clinical and demographic characteristics and treatment 
protocols of the subjects are presented in Table 1 in detail. The 
study population consisted of 20 male and 17 female patients. 
The mean age of the subjects was 56.3±10.8 years. The mean 
GCS was 13.45±0.77. All patients were operated on within 72 
hours.  4 patients underwent endovascular treatment and 33 
underwent open surgery. 28 patients developed unilateral 
and 9 developed bilateral cerebral vasospasm (Figures 1-3). 

Following intra-arterial nimodipine therapy, the neurological 
findings improved completely in 29 subjects (78.4%), did not 
improve in 5 (13.5%), and worsened in 3 (8.1%). Angiographic 
improvement was observed in only 15 patients (40.5%).  The 
discharge modified Rankin Scores of the subjects were as 
follows: mRS 0 in twenty-one (56.8%), mRS 1 in eleven (29.7%), 
mRS 2 in three (8.1%), and mRS 3 in two (5.4%).  3 (8.1%) 
patients developed superficial infection at the site of femoral 
artery sheath insertion, all of which improved after medical 
treatment.

Table 1. Clinical, demographic and radiological findings of the study population

No Age Gender GCS Fischer Scor Aneurysm localization Treatment Option mRS

1 55 M 14 1 AcomA Surgery 0

2 65 F 14 2 ICA Surgery 1

3 57 F 13 3 MCA, AcomA Surgery 0

4 44 M 14 2 AcomA Surgery 1

5 38 M 14 2 AcomA Surgery 1

6 53 M 14 2 Bilateral MCA Surgery 3

7 55 F 14 3 MCA Surgery 0

8 69 F 14 1 AcomA Surgery 0

9 58 F 14 4 ICA EVT(FD stent) 1

10 43 F 14 1 AcomA Surgery 0

11 60 F 13 3 AcomA Surgery 0

12 70 M 14 2 AcomA Surgery 1

13 54 M 14 2 MCA Surgery 0

14 73 F 13 3 MCA ,PcomA Surgery 1

15 63 F 14 1 AcomA Surgery 0

16 79 M 14 4 MCA Surgery 1

17 63 F 14 4 MCA Surgery 1

18 39 M 13 2 DACA Surgery 0

19 38 F 14 2 ICA EVT(FD stent) 0

20 68 F 14 3 ICA Surgery 0

21 56 M 14 4 PcomA Surgery 2

22 66 M 13 3 MCA Surgery 1

23 38 M 13 4 ICA Surgery 0

24 50 F 14 1 MCA,AcomA Surgery 2

25 57 M 12 3 MCA,DACA Surgery 1

26 44 F 14 3 ICA Surgery 0

27 59 F 14 3 AcomA Surgery 0

28 57 M 12 3 MCA Surgery 0

29 66 M 13 4 MCA,PcomA Surgery 0

30 57 M 13 3 ICA Surgery 0

31 59 F 14 4 MCA Surgery 0

32 49 M 12 4 AcomA Surgery 2

33 64 F 12 3 MCA Surgery 0

34 55 M 14 4 MCA Surgery 1

35 54 M 12 3 Acom A Surgery 0

36 71 M 12 2 ICA EVT(FD stent) 0

37 37 M 14 3 Baziler tepe EVT(Primary coil) 3

Abbreviations: GCS: Glasgow coma scale, mRS: Modified rankin score, M: Male, F: Female, AcomA: Anterior communicating artery, MCA: Middle cerebral artery, 
PcomA: Posterior communicating artery, ICA: Internal carotid artery, DACA: Distal anterior cerebral artery, EVT: Endovascular treatment, FD: Flow diverting
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Figure 1. Patient who underwent right-sided intervention for anterior communicating artery aneurysm but developed bilateral 
vasospasm (top). Partial radiological improvement in the same patient after intra-arterial nimodipine therapy (bottom). 

Figure 2. Vasospasm in a patient who was operated for left posterior communicating artery aneurysm and subsequent 
radiological improvement following intra-arterial nimodipine therapy.
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DISCUSSION
In our study, the success rate of intra-arterial nimodipine 
therapy was 78.4%. The clinical condition did not improve in 
13.5% of cases and worsened in 8.1%. 86.4% of our patients 
were discharged with good outcomes (mRS score 0–1).
Cerebral vasospasm is the main clinical finding that determines 
prognosis after subarachnoid hemorrhage. The vasoactive 
substances that are associated with vasospasm significantly 
affect the course of the disease due to their proinflammatory, 
vasoconstrictor, and various other undetermined effects.[13,14] 
One of the major pathophysiological mechanisms involved 
in the development of cerebral vasospasm is changes in 
the metabolism of nitric oxide (NO). NO is a vasodilator 
that is directly associated with smooth muscle relaxation. 
Studies have demonstrated that extravascular hemoglobin 
and catabolism products that result from subarachnoid 
hemorrhage disrupt NO signaling between the vascular 
endothelium and the underlying smooth muscle cells. Also, 
even though the narrowing of major blood vessels plays 
an important role in delayed ischemic injury, recent studies 
suggest that alternative mechanisms such as early brain 
damage, loss of autoregulation of cerebral microcirculation, 
and microthrombosis also play a role in the pathogenesis of 
cerebral vasospasm.[15-18]

Many interventional or medical treatment options have 
been proposed for the treatment of cerebral vasospasm. 
However, these methods have limited feasibility due to 

various reasons including the difficulty of application, lack 
of cost-effectiveness, and the high rates of treatment failure 
or adverse events. Intra-arterial calcium channel blockers are 
commonly used since they are partially outside of the above-
mentioned limitations. Numerous experimental studies have 
demonstrated that different vessels in the body contain 
various types of calcium channels and receptors on their 
endothelia. It is established that calcium channel receptors 
of the cerebral vascular endothelium are different than those 
of the peripheral blood vessels. Furthermore, multiple studies 
have shown that the intravenous and topical administration 
of calcium channel blockers, and especially nimodipine, dilate 
narrowed vessels.
Hanggi et al.[19] administered intra-arterial nimodipine 
to 26 patients who developed cerebral vasospasm after 
subarachnoid hemorrhage. They reported that most of these 
patients showed clinical and angiographic improvement and 
increased cerebral perfusion. Some authors argue that intra-
arterial nimodipine is a more effective treatment compared 
to intra-arterial papaverine.[19] In a different study, Hanggi 
et al.[19] applied intra-ventricular nimodipine bolus to 8 
patients with cerebral vasospasm, followed by continuous 
lumbar intrathecal nimodipine infusion. 3 patients showed 
complete clinical improvement, whereas there was no 
clinical improvement in 4 cases.[20] In their study, Biondi et 
al.[12]  reported that 76% of the patients treated with intra-
arterial nimodipine clinically improved and 72% were in good 
condition at discharge (mRS score 0–1). In their study, Musahl 

Figure 3.  A not-clearly-discernible vasospasm in a patient that was operated for anterior communicating artery aneurysm. The 
patient enjoyed a significant clinical improvement after treatment, but there was not a significant radiological improvement.
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et al.[21] reported good outcomes for intra-arterial nimodipine 
therapy and no new ischemic lesions. The experimental 
study of Onal et al.[22]  indicated that selective intra-arterial 
nimodipine therapy was more effective than intravenous 
and intrathecal administration. Roda et al.[23] found that the 
extent of cortical ischemia was reduced in subjects with focal 
cerebral ischemia that were administered an adequate dose 
of intra-arterial nimodipine. A case report by Böker et al.[24] 
indicates that vasospasm angiographically resolved in all 
3 patients that postangiographically received intra-arterial 
nimodipine therapy. We ascribe the differences in treatment 
outcomes to several factors. The most significant factor is 
that, even though this procedure is fundamentally a medical 
treatment, it is an invasive process. Therefore, the outcome will 
be significantly associated with the ability of the practitioner. 
Secondly, we believe the outcome is most likely associated 
with the dosage and duration of nimodipine therapy. Indeed, 
in the aforementioned studies, the dosage and duration of 
treatment and the practitioners that administered nimodipine 
are completely different from our study.
In our study, the clinical conditions of 3 patients worsened 
after intra-arterial nimodipine therapy. We were unable 
to conclusively determine whether this resulted from the 
nimodipine treatment or the present cerebral vasospasm. 
However, we believe it is very likely associated with cerebral 
vasospasm since we did not observe any complications 
associated with the treatment. In their 2019 study, Adami D. 
et al.[25] investigated the use of balloon angioplasty and intra-
arterial nimodipine for the treatment of vasospasm. They 
concluded that angioplasty was associated with a higher risk 
of thromboembolic events and arterial dissection and that 
it should not be considered as a first choice even in patients 
with severe vasospasm but only as a last resort.
 The primary limitation of our study is its retrospective nature. 
Other limitations include the small number of subjects and 
not having tried different doses or durations of nimodipine 
therapy in patients that did not respond to intra-arterial 
nimodipine treatment.
We conclude that intra-arterial nimodipine therapy is a cost-
effective, safe, and successful method for the treatment 
of cerebral vasospasm, a condition that directly affects 
morbidity and mortality after subarachnoid hemorrhage. 
Prospective studies are needed to determine standard doses 
and application times in order to establish the efficacy of intra-
arterial nimodipine therapy in treating cerebral vasospasm.
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