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Abstract. Background: Oral nimodipine is administered to
improve clinical outcome in patients with aneurysmal
subarachnoid hemorrhage (aSAH). In this study, clinical
outcome in patients with and without oral nimodipine
administration was assessed. Materials and Methods: A total
of 105 patients did not receive oral nimodipine but did
receive intra-arterial nimodipine in the occurrence of
hemodynamically relevant vasospasm after aSAH, whereas
74 patients received applications of both. Demographic/
radiological details and clinical presentation were abstracted
from the case records. Results: Patient baseline characteristics
were comparable, a predominance of endovascular coiling
was shown in cohort 2 (p=0.0135). Severity of initial aSAH
and clinical status at admission (Hunt and Hess) was
significantly higher in those receiving oral nimodipine.
Incidence of angiographic vasospasm was significantly higher
in patients not treated with oral nimodipine (p=0.0305); a
significantly better outcome measured by the National Institute
of Health Stroke Scale (p=0.0213), was noted in those
receiving oral nimodipine. Conclusion: Oral nimodipine
administration improved clinical outcome of patients after
aSAH and should be administered routinely for such patients.
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One serious complication after aneurysmal subarachnoid
hemorrhage (aSAH) is the incidence of symptomatic
vasospasm (1). Angiographic vasospasm is seen in
approximately 70% of these patients between the third and
the fourteenth day after the ictus (2). In 20-40% of all cases,
neurological deficits or infarction caused by delayed cerebral
ischemia (DCI) will appear (1, 3-5).

The thickness of the blood clot in the basal cisterns and
the presence of intraventricular hemorrhage are the main risk
factors for the development of DCI (6). Experimental studies
have shown that the presence of erythrocytes in the
cerebrospinal fluid can trigger vasospasm by the release of
superoxide anions (7-9). Other risk factors are poor clinical
grade (10), hypertension (acute or chronic) (10), fever (10)
and cigarette smoking (11). In addition, younger age seems
to be a predictor for the development of symptomatic
vasospasm (12).

Several methods have been developed to minimize the
occurrence of vasospasm. One of these is medication with
vasodilatory substances such as calcium antagonists or
magnesium sulphate. Magnesium sulphate leads to no
improvement in the overall outcome in patients with aSAH (13-
15). Nimodipine, a dihydropyridine calcium antagonist, blocks
the calcium influx through L-type calcium channels. Studies
have shown a positive effect on the prevention of DCI and on
clinical outcome in patients with aSAH when nimodipine was
administered (16-27). Even neuroprotection via reduction of
calcium-mediated excitotoxicity is described (28). Nimodipine
seems to be a safe and cost-effective treatment that increases
life expectancy with low incremental costs.

To date, there has been only one multicenter double-blind
placebo-controlled trial analyzing the effect of oral
nimodipine on the incidence of DCI and on outcome after
aSAH irrespective of clinical severity (21). This study was
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conducted in 1988. At that time, only microsurgical
procedures were available to exclude an intracranial
aneurysm from the arterial circulation. Since the 1990s,
endovascular techniques have been continuously developing.
Nowadays, in the majority of cases, endovascular coil
embolization of patients with aSAH is preferred (29). Even
after aneurysm treatment, intra-arterial vasospasm therapy by
application of nimodipine via micro-catheter is possible and
has led to positive results (30-33).

Because of the change in the treatment of intracranial
aneurysms techniques and the
possibility of new promising endovascular techniques for
preventing clinically relevant vasospasm, the influence of oral
and intra-arterial nimodipine should be reinvestigated in

towards endovascular

patients with aSAH with regard to the occurrence of macro-

vasospasm and clinical outcome regardless of clinical severity.
Is the administration of oral nimodipine still relevant in

patients after aSAH due to current treatment guidelines?

Patients and Methods

Patients. Data for patients with aSAH treated at the Department of
Neurosurgery, Medical Faculty Mannheim, University of
Heidelberg, Germany, between January 2011 and October 2014
were analyzed. To establish the diagnosis of aSAH in all patients, a
cranial computed tomographic (CT) scan with a CT-angiography or
a lumbar puncture with the presence of blood and xanthochromia in
the cerebrospinal fluid was performed. Furthermore, a cerebral
angiography was performed to assess the aneurysm architecture for
treatment decision and as a baseline investigation.

The patients were divided into two groups. In cohort 1, within the
first 48 h after ictus, the patients received nimodipine orally on a daily
basis (60 mg nimodipine every 4 h for 3 weeks) and in cases of
hemodynamically relevant vasospasm additionally received intra-
arterial nimodipine via micro-catheter. In cohort 2, patients did not
receive oral nimodipine at all, and intra-arterial nimodipine was
administered in cases of hemodynamically relevant vasospasm. In 2011
and 2012, patients with aSAH did not receive oral nimodipine
according to the Standard Operating Procedure (SOP). At the beginning
of January 2013, due to a change in the SOP, all patients with aSAH
were treated with oral nimodipine within 48 h after initial bleeding.

Patients with poor initial condition and withdrawal of treatment
or death within the first 3 days, non-aneurysmal spontaneous SAH,
SAH caused by arteriovenous malformation or patients without
repeated angiography in the treatment course were excluded.

Nimodipine administration. Oral: Nimodipine administration was
started within 48 h after ictus. Nimodipine was given orally as fast-
release tablets containing 30 mg active compound (60 mg
nimodipine every 4 h for 3 weeks). Tablets were taken with water.
For comatose patients, the tablets were crushed and administered
via stomach tube.

Intra-arterial: For the intra-arterial application of nimodipine, a
4F micro-catheter was used. The micro-catheter was placed in the
carotid or vertebral arteries depending on the location of vasospasm
at the cervical level. A maximum of two catheters were placed per
patient. Nimodipine was diluted in a solution of 0.9% NaCl to
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obtain a 25% concentration. The dose administered was 1-4 mg (5-
20 ml) per vessel at a maximum rate of 2 ml/min. during the
treatment, full heparinization was necessary (partial thromboplastin
time=70-90 s). The catheter was left in place for 2-3 days, then
repeat angiography was performed.

Clinical management. All patients were under continuous
monitoring at the neuro-intensive care unit (ICU), including
invasive monitoring of circulation parameters and hourly
neurological examination. Most patients were monitored by daily
transcranial Doppler (TCD) examination. Comatose patients or
patients with an initial hydrocephalus were provided with an
external ventricular drainage.

Increase of intracranial hypertension and acute symptomatic
intracranial mass effect were primarily treated via external
ventricular drainage or with repeated boluses of 20% mannitol or
23.4% hypertonic saline. In some cases of medically uncontrollable
intracranial pressure problems, decompressive craniectomy or a
lumbar drainage was considered.

The aneurysm was treated by clipping or coiling within 48 after
the ictus. Follow-up angiography for the evaluation of macro-
vasospasm and the elimination of aneurysms routinely took place
8+2 days after the initial hemorrhage. Angiography was performed
earlier in the case of clinical deterioration (other reasons such as
hydrocephalus or metabolic imbalance were excluded) or if a
significant increase in the mean blood flow (=50 cm/s within 24 h
for the same vessel), measured by TCD, was noted. Clinical
deterioration was defined as new neurological deficit (aphasia,
palsy) or progressive agitation. If in the follow-up angiography
moderate or severe vasospasm was detected, hypertensive
hypervolemic therapy was started (mean blood pressure >100
mmHg). In some cases of refractory hemodynamically relevant
vasospasm without evident infarction on the CT scan, continuous
intra-arterial nimodipine application via micro-catheter was
performed. Resolution of vasospasm was monitored by a repetitive
digital subtraction angiography after at least 72 h.

Clinical and radiological variables predictive of the presence of
vasospasm. During the hospital stay, baseline demographic
information, clinical and radiological findings were recorded. The
incidence of angiographic and hemodynamic vasospasm in follow-
up angiography was noted. The cerebral angiograms were
interpreted by two independent neuroradiologists and were
compared with those performed on admission.

The number of intra-arterial nimodipine applications because of
hemodynamic vasospasm in both groups was recorded. For the
neurological status, the Glasgow Coma Scale (34) and the initial
Hunt and Hess grade (35) were collected. The initial CT scan was
used to determine the severity of bleeding by using the Barrow
Neurological Institute Scale (BNI) (36). The location of the
aneurysm and the treatment strategy was determined. The clinical
outcome was measured by using the Glasgow Outcome Scale
(GOS) (37), the modified Rankin Scale (mRS) (38) and the National
Institute of Health Stroke Scale (NIHSS) (39).

TCD examination. At day 1 after the hemorrhage, daily TCD
examination was performed for most patients. TCD data were
collected prospectively in the ICU and noted in a computerized
database. TCD was conducted between 10 am and 4 pm. The mean
blood flow of the middle cerebral artery was measured on both sides
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Table 1. Demographic characteristics according to oral administration
of nimodipine in 179 patients with aneurysmal subarachnoid
hemorrhage.

Nimodipine
Variable With oral ~ Without oral ~ p-Value
(n=74) (n=105)

Age, years

Median (range) 55 (32-82) 54 (27-86) 0.723
Gender, n

Male 26 40 0.7539

Women 48 65 0.7539
Localisation of aneurysm,

Posterior 23 25 0.2795

Anterior 51 80 0.2795
Method, n

Clipping 21 49 0.0135

Coiling 53 56 0.0135
Hunt & Hess grade, n

1 35 34

2 15 16

3 4 11

4 4 9

5 16 34
BNI grade, n

I 8 4

II 41 52

I 18 31

v 4 12

\Y% 3 5

BNI: Barrow Neurological Institute Scale.

through the transtemporal window. A 2-MHz handheld transducer
probe (Multi-Dop® T digital) was used. The depth of insonation for
the middle cerebral artery was between 50 and 60 mm. When there
was no presence of vasospasm (angiographic or hemodynamic) in
the follow-up angiography, TCD examination was stopped.

Statistical analysis. A standard statistical software package for data
analysis was used (GraphPad Prism 8; GraphPad Software, Inc., La
Jolla, CA, USA).

The two groups were checked for comparability of demographic
and clinical variables at entry by a chi-square test for categorical
variables. In the analysis of outcome (GOS, mRS and NIHSS), BNI
grade and Hunt and Hess grade, a two-tailed Mann—Whitney U-test
was used. For the incidence of macro-vasospasm (angiographic and
its hemodynamic relevance), treatment modality, location of the
aneurysm and mortality, a two-tailed chi-square/Fisher’s exact test
was performed.

Values of p<0.05 were considered significant.

Results

In cohort 1, 74 patients (67.2%) out of 100 with aSAH were
included. In cohort 2, 105 patients (73.4%) out of 143 with
aSAH were included. The most common reason for
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Figure 1. Distribution of the Hunt and Hess grade (A) and the Barrow
Neurological Institute Scale (BNI) grade (B) between groups treated
with (cohort 1) and without (cohort 2) oral nimodipine. The minimum
and maximum are shown, as well as the median of both groups.

exclusion was no treatment because of poor initial condition
(n=42). In 21 patients, no follow-up angiography was
performed. Eleven patients died within the first 3 days. In
cohort 1, there were 48 women (65%) and 26 men (35%);
the median age was 55 years. In cohort 2, there were 65
women (62%) and 40 men (38%); the median age was 54
years. Patient groups were comparable for age and sex.
Treatment modality of the aneurysm was significantly
different between both groups, with significantly more
frequent use of coiling in cohort 1 (72% vs. 53%) and clipping
in cohort 2 (47% vs. 28%, p=0.0135). Most patients in cohort
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Figure 2. Number of patients (n) developing an angiographic (aV) (A)
or hemodynamic vasospasm (hV) (B) in groups treated with (cohort 1)
and without (cohort 2) oral nimodipine. Significantly fewer patients
administered nimodipine orally had aV. No significant difference in the
occurrence of hV regardless whether nimodipine was used was found.

1 were treated endovascularly, whereas in patients of cohort
2, the use of these techniques was balanced (Table I).

The mean Hunt and Hess grade (p=0.0173) as well as the
BNI grade (p=0.0308) were significantly different between
the two groups (Figure 1). There were more patients with a
Hunt and Hess grade 4 and 5 as well as a BNI grade 3 and
4 in cohort 2 (Table I). In our study, we saw a significant
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Figure 3. Frequency of developing an angiographic (aV) (A) or
hemodynamic vasospasm (hV) (B) after 10 days or more after initial
bleeding in groups treated with (cohort 1) and without (cohort 2) oral
nimodipine. A tendency for delayed aV was found when oral nimodipine
was administered. There was no significant difference in the total
occurrence of aV between the groups. No difference in occurrence of
hV was detected (B).

difference in the incidence of angiographic vasospasm
between groups (cohort 1: 43.2% vs. cohort 2: 61%;
p=0.0305), but there was no significant difference in the
incidence of hemodynamically relevant vasospasm between
both groups (cohort 1: 28.4% vs. cohort 2: 34.3%, p=0.4035)
(Figure 2).

A tendency for delay in angiographic vasospasm was
shown in cohort 1 versus cohort 2 (9.4% vs. 4.7% at 8+2
days; p=0.2625). No significant change in the temporal
occurrence of hemodynamic vasospasm between the two
groups was noted (p=0.7369) (Figure 3).

The number of intra-arterial nimodipine applications was
equivalent in both groups (cohort 1: 22.9%; cohort 2:
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Table II. Number of patients (n) administered intra-arterial nimodipine application.

Variable With oral nimodipine Without oral nimodipine p-Value
Intra-arterial nimodipine application, n 17 23 0.8658
No intra-arterial nimodipine application, n 57 82 0.8658

21.9%). Because of angiographic vasospasm, an intra-arterial
nimodipine application was performed in only one case in
cohort 1. In all other cases, there was a hemodynamically
relevant vasospasm detected in the angiography (Table II).

There was no significant difference in morbidity and
mortality between the groups (cohort 1: 14.8% vs. cohort 2:
10.5%, p=0.3785). But a trend for a better outcome in the
cohort 1 nimodipine group was shown (Figure 4). In the
more detailed analyses of the clinical outcome via mRS and
NIHSS, a significant improvement in cohort 1 was shown
(Figure 5).

Discussion

If patients with an aSAH survive the first episode of their
disease, delayed cerebral ischemia caused by vasospasm is
now well recognized as the leading cause of poor outcome
(40, 41). The cause is still unexplained and the importance of
the different mechanisms involved remains unclear. Different
starting points to solve that question and to improve outcome
have been tried. Most treatments met with either limited or no
success (42). For many years, one established procedure for
enhancing the cerebral blood flow in patients with
symptomatic vasospasm is hypertensive hypervolemic therapy.
Another is the wide variety of pharmacological agents; the
most important drug class is that of the calcium antagonists.
These substances have a vasodilatory effect on cerebral blood
vessels. The first to show this were Allen and Bahr in 1979
(43). They were able to dilate cerebral blood vessels in dogs
by giving them oral nifedipine. Another group showed a
dilatory effect on pial arterioles of perivascular application in
cats (44). Another calcium antagonist is nimodipine. It has
some advantages over nifedipine. Firstly, it is lipid-soluble,
enabling it to more effectively cross the blood—brain barrier.
Secondly, it is a more potent cerebral vasodilatator. The first
study showing a potential benefit of orally administered
nimodipine in patients with aSAH was a multicenter trial
conducted by Allen et al. in 1983 (18). Only patients with
SAH of a good clinical grade were included. In this patient
collective, a significant reduction of poor outcome was shown.
Since then several trials were initiated to confirm these results.
A possible positive effect of oral nimodipine on the prevention
of DCI and on the outcome in patients after aSAH was
demonstrated (16-27). Even neuroprotection via reduction of

calcium-mediated excitotoxicity is described (28). But there
are several critical points to discuss: Most of the studies have
only included patients with good grade (Hunt and Hess grade
I-IIT). There has only been one trial (110 patients with a Hunt
and Hess grade of IV-V) which included all patients with
aSAH irrespective of clinical severity (21). The results showed
that oral nimodipine administration increased the proportions
of patients with good neurological outcome and a decrease in
those developing delayed ischemic deficits caused by
vasospasm. This was seen primarily in patients with Hunt and
Hess grade IIT and IV. In patients with grade V, administration
of nimodipine had no positive influence on the outcome. In
addition, a heterogeneity of nimodipine dosage (from 60-90
mg every 4 h), treatment days (9-21 days) and application
form (oral or intravenous) was found. The most frequent
application form was oral, with a dosage of 60 mg nimodipine
every 4 h. Intravenous administration of calcium antagonists,
which is more expensive and has a substantial risk of induced
hypotension, should only be used in exceptional cases (45).
So our patients also received their dosage orally. Another
important thing is that the patients received their medication
at admission. Therefore, the first administration of nimodipine
took place at the neuro-intensive care unit; the administration
lasted 21 days.

Another opportunity for preventing delayed cerebral
ischemia and improving the outcome in patients with aSAH
is the intrathecal application of calcium antagonist pellets.
This procedure is much more complex and only an option
for patients who are treated surgically by clipping. For this
special form of application, only few studies were initiated,
with promising results in regard to the present of
symptomatic vasospasm and overall outcome (46, 47).

Most of the studies dealing with the positive effect of
nimodipine were initialized at the end of the 1980s and early
1990s. At that time, the surgical part for the elimination of
aneurysm was preferred. Endovascular techniques have been
increasingly developed. Nowadays, in most cases,
endovascular treatment such as coiling or stenting for patients
with aSAH is privileged due to minor complications. Perhaps
this less invasive treatment modality for aneurysm minimizes
stress on intracranial blood vessels and the incidence of
symptomatic vasospasm is less. Even an intra-arterial
application of nimodipine via micro-catheter to prevent
vasospasm is possible and has positive results (30-33).
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Figure 4. A: Number of patients (n) in groups treated with (cohort 1)
and without (cohort 2) oral nimodipine who died during their hospital
stay. B: Distribution of the Glasgow Outcome Scale (GOS) in both
groups. Median values are shown. A tendency for better outcome in the
nimodipine group is shown.

In our study, an imbalance in favor of endovascular
treatment was seen. Although the oral administration of
nimodipine between the two groups was strictly separated
(cohort 1: 60 mg nimodipine orally every 4 h at admission
for 3 weeks, cohort 2: no administration of oral nimodipine),
intra-arterial nimodipine application via micro-catheter was
performed if refractory hemodynamic vasospasm was
detected in the cerebral angiography. That might be a reason
why we were unable to find any difference in the overall
outcome between the groups (mortality cohort 1: 14.8%,
cohort 2: 10.5%, p=0.3785) but there was a tendency for a
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Figure 5. Distribution of the National Institute of Health Stroke Scale
(NIHSS) (A) and the Modified Ranking Scale (mRS) (B) in groups
treated with (cohort 1) and without (cohort 2) oral nimodipine. Better
clinical outcome was shown by significant difference in the NIHSS in
the group treated with oral nimodipine. No significant difference could
be shown measured by the mRS; but tendency to better outcome with
oral nimodipine administration. Data in (B) are minimum and
maximum, as well as the median are shown.

better GOS in cohort 1 (p=0.075). In the more detailed
analyses of clinical outcome measured by NIHSS, a
significantly better outcome in cohort 1 was detected
(p=0.0213). This might be a result of the neuroprotective
effect of nimodipine itself and the improvement of
microcirculation.

The Hunt and Hess grade was significantly different
between the two groups (p=0.0173). There were more
patients with Hunt and Hess grade 4 and 5 in cohort 2.
This might explain the tendency of better GOS in the
nimodipine group.
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The BNI grade was used to determine the amount of
initial bleeding. Here we found a significant difference
between the two groups (p=0.0308). There were more
patients with a BNI grade III-IV in cohort 2 (patients
without oral nimodipine administration). The BNI grade
reflects the probability of developing symptomatic
vasospasm. The higher the BNI grade, the more likely the
occurrence of symptomatic vasospasm (BNI grade V: 50%
probability of symptomatic vasospasm after aSAH) (36).
That might explain the significant difference in the
appearance of angiographic vasospasm (43.2%; vs. 61%;
p=0.0305) and the tendency for better GOS in cohort 1. No
difference in the incidence of hemodynamic vasospasm was
not seen (cohort 1: 28.4% vs. cohort 2: 34.3%, p=0.4035).
An explanation for the nearly equal occurrence of
vasospasm in both groups may be that previous animal and
clinical trials reported that nimodipine does not have an
effect on large vessel diameter (21, 48-50). Nimodipine
operates on small-resistance vessels and these are not
visualized in cerebral angiography (51).

In the occurrence of angiographic vasospasm over time we
noticed an interesting finding. There seemed to be a rearward
shift in time in the occurrence of vasospasm due to the
administration of nimodipine, although not significant.
Although the present study has limitations (e.g. the study
sample was of moderate size and was a single-centre study),
oral nimodipine still improved clinical outcome after aSAH
in our patient collective.

Overall, according to current treatment guidelines of patients
with an aneurysmal subarachnoid hemorrhage, in our study,
oral nimodipine appeared to have a high relevance to overall
outcome and should be administered routinely in that disease.

Conclusion

Many studies have shown a positive effect on outcome
and delayed cerebral ischemia in patients with aSAH due
to oral nimodipine treatment, therefore the administration
of nimodipine is routinely performed at most neurosurgical
departments. Treatment of patients with aSAH has
changed, in particular because of improved endovascular
techniques.

In our patient collective, oral nimodipine reduced the
incidence of angiographic vasospasm; there was no influence
on hemodynamic vasospasm. Angiographic vasospasm
seemed to emerge later during oral nimodipine application.
Overall, oral nimodipine still improved clinical outcome in
this patient collective and should be available for all patients
regardless of clinical severity after aSAH.
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