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A B S T R A C T   

Objective: Endovascular chemical angioplasty has been in practice in patients with symptomatic cerebral vaso-
spasm secondary to aneurysmal subarachnoid haemorrhage in many neurosurgical centres. However, the evi-
dence base is derived from clinical case series and expert consensus. The aim of this retrospective cohort study is 
to evaluate the immediate and functional outcomes of endovascular intervention in aneurysmal subarachnoid 
haemorrhage cerebral vasospasm treated with a combination of vasodilators. 
Methods: A cohort of 25 patients was identified. Each patient underwent surgical clipping, and endovascular 
treatment for vasospasm. A combination of Verapamil and Nimodipine was intra-arterially administered. Sta-
tistical analysis was performed to determine the rate of response. The angiographic response and functional 
outcome on discharge (modified Rankin score - MRS) were used as markers of outcome. 
Results: The study cohort consisted of 25 patients with a mean age of 50.3 (SD 11.2). A total of 135 therapeutic 
DSA’s were performed. There was an associated between MRS outcomes and number of vasodilation’s each 
patient received. For each additional vasodilation episode, the odds of a poor outcome increased by 1.190. An 
angiographic response was demonstrated in 88% of patients, a clinical response in 27%. A good functional 
outcome was achieved in 17/25, 71% at discharge. 
Conclusion: The combination therapy of Intra-arterial nimodipine and verapamil in patients with aneurysmal 
subarachnoid haemorrhage vasospasm appears to have a synergistic, if not comparable, outcome to from solitary 
vasodilatory treatment results and potentially promote future studies with prospective designs to measure the 
outcomes.   

1. Introduction 

Aneurysmal subarachnoid haemorrhage (aSAH) represents a signif-
icant cause of morbidity and mortality throughout the world [1]. While 
the past decade has seen major advances in the standardisation of 
management with notable success, cerebral vasospasm continues to 
represent a substantial contributor to delayed morbidity and mortality. 

Cerebral vasospasm refers to the narrowing of cerebral arteries, most 
frequently occurring in the 3–7 days following aneurysm rupture and 
ischaemia as a consequence of the vasospasm is responsible for and 
continues to be a major source of morbidity [2]. 

The pathogenesis of the vasospasm is still unknown, although its 
generally accepted that the subarachnoid blood is the chief driver. There 

is evidence that the normal physiologic mechanisms and signalling 
molecules that regulate cerebral arterial diameter are altered leading to 
an irreversible cascade leading to delayed ischaemic neurological deficit 
(DIND). 

No single therapeutic algorithm has shown to be uniformly effective 
in preventing vasospasm and its subsequent neurologic sequelae, though 
a number of therapeutic strategies have found to have varying degrees of 
utility. The common medical therapy consists of hypertension, normo-
volaemia and acts to increase the mean arterial pressure which is shown 
to be a beneficial in improving the vasospasm. Calcium channel 
blockers-such as verapamil and nimodipine have been extensively used 
and currently the nimodipine is recommended as first-line medical 
treatment for preventing aSAH associated cerebral vasospasm. 
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Endovascular therapy with direct infusion of the calcium channel 
blockers or manual dilatation with balloon of the vaso-spastic segment 
has been shown to be more effective in vasospasm refractory to medical 
therapy [1]. 

Of particular interest is the implementation of chemical vasodilatory 
agents. Similar to the pathogenesis of cerebral vasospasm, the clinical 
effect of endovascular vasodilatory agents remains incompletely un-
derstood. In the absence of a randomized controlled trial, the level of 
evidence and current guidelines are obtained from clinical case series 
and expert consensus [1,3]. 

The aim of this retrospective study is to assess the outcomes of 
endovascular intervention for cerebral vasospasm after subarachnoid 
haemorrhage using a combination of vasodilation agents. 

2. Study design 

A database of interventional procedures at a single centre was 
retrospectively reviewed. Patients undergoing endovascular treatment 
for cerebral vasospasm in the context of a subarachnoid haemorrhage 
between October 2011 and April 2018 were selected, comprising a total 
of 125 angiograms. 

The inclusion criteria were as follows: [1] diagnosis of subarachnoid 
haemorrhage using imaging or lumbar puncture; [2] aneurysmal origin 
of the SAH, as demonstrated radiologically; [3] radiographic diagnosis 
of cerebral vasospasm via catheter angiography, [4] management via 
aneurysmal clipping, and [5] endovascular treatment of vasospasm 
using intraarterial infusion therapy. 

Twenty-eight patients were identified. Of these, three patients were 
excluded due to incomplete data. The remaining 25 patients met the 
inclusion criteria, forming the study cohort. 

Baseline data including demographics, clinical condition on admis-
sion as per the World Federation of Neurological Surgeons [WFNS) 
grade I–V, as well as amount and distribution of subarachnoid blood 
detected on admission CT using the Fisher scale 1–4 were collected. The 
aneurysm location was noted. 

Patients in whom an endovascular coiling was considered an 
appropriate management technique were transferred to a different 
centre, and subsequently not included. 

Vasospasm data included the onset, location and number of vessels 
affected. For each endovascular vasospasm treatment, the intra-arterial 
vasodilatory agent and dose, as well as number of repeated procedures 
were documented. The response to therapy was classified using radio-
graphic and clinical outcomes. Angiographic response was defined as 
Improved, mixed or no response based on the degree by which the 
luminal stenosis altered immediately post-therapy. The clinical response 
was obtained using the level of consciousness, as per the Glasgow Coma 
Scale (GCS), both prior to and on completion of receiving treatment. The 
clinical condition at discharge was documented as the resulting 
outcome, in the format of the modified Rankin score. 

3. Patient management and monitoring 

Each patient underwent surgical clipping of the involved aneurysm. 
Medical management was standardised across the cohort, with Hyper-
tension, Normovolaemia and administration of Nimodipine, orally or 
intravenously. Post-operative cerebral angiogram was routinely per-
formed following vessel clipping. Subsequent cerebral angiograms were 
instigated on a change in the clinical status of the patient. Cerebrovas-
cular vasospasm was diagnosed by the experienced Interventional 
Neuroradiologist performing the angiogram. Two interventional neu-
roradiologists (JC, RW) performed the recorded procedures, each with 
greater than 25 years’ experience. The severity of the vasospasm was 
classified by the degree of segmental narrowing, when compared to the 
standard size of the involved vessel in the initial angiogram. Vasospasm 
was graded minor (grade 1) when the vessel diameter was in the range of 
70–100% of the initial diameter. A grade 2 (moderate) was attributed to 

vessel diameters of 30–69%, and a grade 3 was scored for diameters of 
<30% (severe). 

Verapamil and Nimodipine were intra-arterially administered, with 
a standard combination of 10 mg verapamil and 2 mg nimodipine. The 
total dose was determined empirically, dependent on the degree of 
vasospasm. One patient did not receive intra-arterial nimodipine sec-
ondary to systemic haemodynamic instability. Administration was per-
formed manually, with continuous haemodynamic monitoring. The 
immediate response was observed for 10-20mins following the admin-
istration. The change in the luminal stenosis was classified as improved, 
mixed or no response. 

The clinical outcome was determined using the modified Rankin 
scale (mRS) at the time of discharge. It was pre-emptively recorded in 
the patient notes, not requiring retrospective assessment. 

3.1. Statistical analysis: 

Statistical analysis was performed using R. Descriptive data is pre-
sented Table 1 with medians and IQR due to abnormally distributed 
data. Odds ratios (OR) and 95% confidence intervals (CI) were calcu-
lated using logistic regression analysis with age, WFNS grade, Fisher 
scale, aneurysm location, severity of CV (cerebral vasospasm), clinical 
response to DSA, and number of DSAs as independent factors. Our 
dependent variable was mRS score as a binary factor – 0–2 = good 
clinical outcome, and 3–6 = poor clinical outcome. Statistical signifi-
cance was defined as p < 0.05. 

4. Results 

Our cohort comprised of 25 patients who presented with aneurysmal 
SAH that underwent endovascular treatment for vasospasm (Fig. 1). All 
of our cohort were treated with surgical clipping, and preceded to 
develop clinical and radiological vasospasm. All patients developed 
neurological deterioration such as decreased level of consciousness, 
hemiparesis, aphasia or other new focal neurological signs between 4 
and 13 days after ictus. Table 1 summarizes the baseline patient and 
aneurysm characteristics of the study cohort and compares these factors 
between those with good (mRS 0–2) versus poor (mRS 3–6) outcomes. 
The mean age was 50.3(±11.2) years and 68% of patients were female. 
The location of aneurysms was anterior circulation in 80% and posterior 
circulation in 20%. The mean length of stay (LOS) was 60 days (±53.7). 

Table 1 
Summary of demographics, baseline characteristics and aneurysm location.   

Total mRS 0–2 (n = 17) mRS 3–6 (n = 8) 

Age mean, years (SD) 50.3 (11.2) 50.8 56.1 
Female, n (%) 17/25 (68) 11 (44) 6 (24) 
Fisher grade, n (%) 
1 6 (24) 5 (20) 1 (4) 
2 4 (16) 3 (12) 1 (4) 
3 3 (12) 2 (8) 1 (4) 
4 12 (48) 7 (28) 5 (20) 
WFNS grade, n (%) 
1 11 (44) 11 (46) 0 
2 5 (20) 2 (8) 3 (12) 
3 1 (4) 0 1 (4) 
4 0 0 0 
5 8 (32) 4 (16) 4 (16) 
Aneurysm location, n (%) 
ACommA 6 (24) 5 (20) 1 (4) 
MCA 7 (28) 5 (20) 2 (8) 
ICA 5 (20) 2 (8) 3 (12) 
PCA 4 (16) 3 (12) 1 (4) 
BA 1 (4) 1 (4) 0 
PCommA 4 (12) 3 (12) 1 (4) 
Vasospasm severity on initial DSA, n (%) 
Mild 11 (44) 10 (40) 1 (4) 
Moderate 7 (28) 3 (12) 4 (16) 
Severe 7 (28) 4 (16) 3 (12)  
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Age was not associated with poorer outcome in our cohort (p =
0.79). There was strong evidence of an association between WFNS grade 
and poor MRS outcome (X2

LR = 13.38, 3DF, P = 0.004). Similarly, there 
was evidence that the initial GCS (iGCS) on presentation was associated 
with MRS outcome (X2

LR = 4.80, 1DF, P = 0.029). For each additional 
GCS point, the odds of an improved outcome increase by 1.214 (95% CI 
1.01–1.459). Interestingly there was no evidence of an association be-
tween the Fischer score and the MRS outcome (p = 0.644). There was 
significant association between MRS outcomes and the number of va-
sodilation’s each patient received (X2 = 4.160, 1DF, P = 0.041). For 
each additional vasodilation episode, the odds of a poor outcome 
increased by 1.190 (95% CI = 0.993–1.427). 

There were 135 therapeutic DSA’s preformed (range 1–18). All pa-
tients were administered a combination of nimodipine (3.78 mg mean 
dose (±2.58 mg)) and verapamil (27.1 mg mean dose (±17.0 mg)). 
Angiographic improvement of CV was successfully achieved in 88% of 
cases (Fig. 2); partial reversal was noted in 7%, while 5% showed no 
effect. Worsening of radiological CV did not occur during any procedure. 
There was no significant correlation between the degree of CV and 
angiographic response to therapy (p = 0.2). 

Clinical improvement, classified by improvement in GCS or focal 
neurology, was identified in 27% of cases; no clinical change was noted 
in 59%. 14% were recorded to have a clinical decline post therapy. 
There was significant correlation between the degree of CV and clinical 
response to therapy (X2 = 9.899, 2DF, P = 0.007). 8 of our cohort went 
on to receive a ventriculo-pertioneal (V-P) shunt. There was no signifi-
cant correlation between receiving a V-P shunt and poorer outcomes (p 
= 0.33). 

5. Discussion 

In this retrospective study, we assessed the utility of dual intra-
arterial infusion of calcium channel blockers, verapamil and nimodi-
pine, in a cohort of 25 patients with aSAH in the post-surgical follow up 
angiogram from 184 craniotomies for aneurysms. The response to 
therapy was assessed angiographically and clinically, angiographically 
being the degree by which the luminal stenosis altered immediately 
post-therapy and clinically being the neurological findings/level of 
consciousness. 

The alteration in the pathways of cerebral autoregulation has been 
ascribed as the cause of unregulated cerebral vasoconstriction, and the 
principle molecules that are thought to be implicated include nitric acid 
(a vasodilator produced by endothelial cells which is likely compro-
mised by the break down products of RBC) and endothelin. The disap-
pearance of neuronal nitric oxidase (NO) synthase immunoreactivity 
from arteries in spasm, endothelial NO synthase dysfunction in cerebral 
vessels after SAH and the affinity for NO of the haeme moiety in hae-
moglobin suggest a role for NO depletion in the pathophysiology of 
arterial narrowing [4–7]. Endothelin, a vasoconstrictor was found to be 
elevated in the cerebral spinal fluid (CSF) after aSAH. 

While intraarterial vasodilatory therapy has become an accepted 
treatment option in the treatment of vasospasm, the supportive data to 
date is limited to retrospective studies. A range of drugs have been used 
in the accumulated studies, of which verapamil and nimodipine are 
widely accepted, however there is no documentation of the outcomes 
with concurrent verapamil and nimodipine therapy to the best of our 
knowledge. 

Verapamil is a class IV antiarrhythmic drug from the group of 
diphenylalkylamines. It is well established in management of refractory 
coronary spasm [9]. Though a calcium channel blocker, it is not selec-
tive to the cerebral vasculature. Nimodipine is a dihydropyridine agent. 
It is well demonstrated to have beneficial effect on cerebral vasospasm, 
particularly in the prevention of cerebral vasospasm, forming a stand-
ardised component of the aneurysmal subarachnoid haemorrhage 
management [1,8,9]. 

In this study, the IA therapy showed significant angiographic 
improvement in the vasospasm (88%) and functional outcome in 71% of 
patients (MRS 0–2). The combination therapy employed in our cohort 
requires consideration. A recent meta-analysis reviewed 55 studies 
(1571 participants) to evaluate the effect of intra-arterial vasodilators in 
vasospasm treatment [10]. Nimodipine was found to be associated with 
high rates of good outcomes, ranging from 65 to 67%, while verapamil 
was determined to be worse (46%). Comparatively, we have demon-
strated an improved functional outcome from those achieved by these 
IAVs in solitary use. 

A variety of dose ranges have been used in the published studies, 
from 3 to 360 mg of verapamil (as a continuous infusion through an 
indwelling catheter) administered per procedure [14]. A standard dose 
of 10 mg verapamil and 2 mg nimodipine was used in this study. The 
repetition of dose was determined according to the degree and distri-
bution of spasm. Only one patient was noted to develop systemic hy-
potension on administration of the intra-arterial vasodilators. The 
maximum dose administered was 60 mg verapamil and 6 mg 
nimodipine. 

The angiographic response to intra-arterial vasodilation has previ-
ously been used as the measure of effectiveness [18–20]. While dilata-
tion of the vessel 20–30 min after IAV administration is considered a 
positive result, the vast majority note minimal preservation of response 
by 24hrs [21]. 

These findings were replicated in our cohort, with an immediate 
angiographic response demonstrated in 88% of our cases, and persistent 
vasospasm at 24hrs on repeat angiography. In light of this, the consensus 
on repetition of treatment sessions is of interest. Jun et al recommended 
a 3-day interval between treatments, although percutaneous trans-
luminal angioplasty (PTA) was performed concurrently in 67% of their 

Fig. 1. Aneurysmal subarachnoid haemorrhage demonstrating diffuse large 
blood volume within the subarachnoid space. 

H. Woodford et al.                                                                                                                                                                                                                              

Downloaded for Anonymous User (n/a) at Macquarie University from ClinicalKey.com.au by Elsevier on September 06, 
2022. For personal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved.



Interdisciplinary Neurosurgery: Advanced Techniques and Case Management 27 (2022) 101442

4

cohort [14]. Mikeladze et al maintained daily treatments in 60% of 
patients, with favourable outcome achieved in 74.3% of cases [17]. 

While several patients required no ongoing treatment in our cohort 
(6/25, 24%), daily treatments [2–17] were continued in 73% of patients 
and were ceased with angiographic improvement. A clinical change was 
not documented in 59% of patients, in close proportion to those who 
continued daily treatments, an outcome similar to Bashir et al who 
found that angiographic results did not correlate with a clinical 
improvement 9). However final outcome in this subgroup appear to 
favour the intra-arterial therapy. 

The retreatment rate in our cohort was significantly higher than 
previous studies. Jun et al reported the highest of the previous studies, 
with a rate of 51% in those treated with IA verapamil alone [14,15]. The 
lower retreatment rate from the Jun et al cohort is swayed by their use of 
PTA in severe cases, utilising IA verapamil selectively in the mild- 
moderate cases or those in whom PTA could not be performed. Addi-
tionally, our patient cohort was formed by a greater percentage of severe 
cases, Fischer grade 4 (48%), compared to their 16.9% grade 4 cases, a 
well-known predictor of vasospasm [22]. 

Our cohort demonstrated an association between the functional 
outcome on discharge and number of vasodilations required. For each 
additional vasodilation episode, the odds of a poor outcome increased by 
1.190 (95% CI = 0.993–1.427). Unsurprisingly, the higher number of 
treatments sessions were also associated with more significant 
vasospasm. 

Finally, this study has some limitations. It’s a retrospective study and 
therefore there is likely to be selection bias. However, all the patients 
with proven vasospasm have been on medical therapy and showed 
clinical signs of deterioration and hence recruitment bias is reduced. 

There are other confounding factors that could affect the clinical 
outcome, but are not included in the study, mainly due to the size of the 
study. These factors include patient’s comorbidities, surgical technique 
related factors and location of the aneurysms. The absence of a control 
group means the comparison of results is restricted to previous per-
formed studies in different settings and with different cohorts. The 
cohort in this study have each undergone aneurysmal clipping. Given 
the surgical intervention, the complexity of the case mix may contribute 
to the final functional outcome at discharge. Complications such as 
surgically induced infarctions were not reviewed. The reproducibility of 
these results in a cohort having undergone endovascular coiling remains 
unknown. Finally, there is no quantitative measurement of the vessel 
response available, nor doppler measurements. 

6. Conclusion 

The combination therapy of Intra-arterial nimodipine and verapamil 
in patients with aneurysmal subarachnoid haemorrhage vasospasm 
demonstrates a comparable outcome to solitary vasodilatory treatment 
results, and represents a direction for future studies. 
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Fig. 2. Pre and post intra-arterial vasodilator administration response in a left MCA M-1 and M-2 segments demonstrating spasm.  
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