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Abstract

Nimodipine has been shown to improve outcomes following aneurysmal subarachnoid hemorrhage. Guidelines recommend
that all patients receive a fixed dose of oral nimodipine for 21 days. However, pharmacokinetic studies have suggested vari-
ability of nimodipine pharmacokinetics in subarachnoid hemorrhage and in other patient populations. The clinical relevance
of such variability is unknown. Therefore, the objective of the present review is, first, to conduct a literature review and sum-
marize nimodipine pharmacokinetic data and sources of variability in various patient groups. Second, to determine if there
is any evidence reporting an association between nimodipine exposure and clinical outcomes in patients with subarachnoid
hemorrhage. A systematic literature search was performed in MEDLINE and EMBASE. The following keywords were used:
(“nimodipine” OR “nymalize” OR “nimotop”) AND (“pharmacokinetic*”, OR “PK”). The search results were limited to
English language and human studies. A large interpatient variability in nimodipine pharmacokinetics has been reported.
Patient-specific factors that had an influence on pharmacokinetic parameters are age, comorbidities, variabilities in metabo-
lism due to genetic polymorphism and co-administered medications, as well as nimodipine administration technique. The
association between nimodipine exposure and clinical outcomes remains unclear and data available are too scarce to reach a
firm conclusion. Here, we present a narrative review with a systematic literature search discussing nimodipine pharmacoki-
netic variability in various patient populations. It is not clear if minimal or lack of systemic exposure to nimodipine denies
its benefit and contributes to worsening outcomes in patients with subarachnoid hemorrhage. Further studies are needed to
determine if such an association exists.

Key Points 1 Introduction
Nimodipine exposure is highly variable among individu- Nimodipine is a dihydropyridine calcium channel blocker
als. with greater selectivity for cerebral blood vessels than other

agents within the same class [1, 2]. As a result, nimodipine
has been tested in the setting of aneurysmal subarachnoid
hemorrhage (SAH), a life-threatening brain bleed. Neuro-
logical and medical complications are common following
SAH and contribute significantly to the overall prognosis.
Cerebral vasospasm and delayed cerebral ischemia (DCI)
are examples of those complications and are considered as
significant contributors of disability in patients with SAH
who survive the initial bleed [3, 4]. Effective prevention of
DCI can significantly improve the functional outcomes of
patients. Therefore, a substantial amount of research in this
area has been focused on understanding the mechanisms
of those complications and exploring potential therapeutic
modalities for improving patient outcomes. Several agents
' Faculty of Pharmacy and Pharmaceutical Sciences, have been investigated to target vasospasm and DCI; how-
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SAH by several randomized clinical trials [5—8]. Therefore,
the current guidelines for treating SAH recommend that a
fixed dose of oral nimodipine to be administered within 96 h
from ictus to all patients regardless of their weight, age, dis-
ease severity, comorbidities, and other patient-specific char-
acteristics and to be continued for 21 days [9]. Despite the
strong evidence for the use of nimodipine in patients with
SAH, there have been reports of significant variations in
the pharmacokinetics of nimodipine among different patient
groups. An individualized approach for the administration
of nimodipine remains an area of ongoing research, and the
association between variations in pharmacokinetic (PK)
parameters and clinical outcomes remains unclear.

The objective of the present review is, therefore, bifac-
eted. The first objective is to conduct a comprehensive lit-
erature review and summarize nimodipine pharmacokinetic
data and sources of variability in various patient groups and
healthy volunteers. Second, to determine if there is any evi-
dence reporting an association between systemic nimodipine
exposure and clinical outcomes in patients with SAH.

2 Evidence Used in this Review

A systematic literature search was performed in MED-
LINE (1946 to 30 August, 2019), and EMBASE (1974
to 30 August, 2019). The following keywords were used:
(“nimodipine” OR “nymalize” OR “nimotop”) AND (“phar-
macokinetic*”, OR “PK”). The search results were limited
to English language and human studies. Search strategies
were developed in collaboration with a librarian from the
University of Alberta Library. In addition, relevant studies
were obtained from references of articles identified in the
initial search. A total of 808 articles were found. After dupli-
cate removal, title and abstract screening, full-text screen-
ing, and the addition of newly published articles since the
original search, a total of 87 references were included in this
review. Article selection was independently performed by
all authors. In case of any discrepancies, further discussion
was undertaken to reach a consensus. The included articles
studied a wide range of patient populations including, but
not limited to, healthy volunteers, patients with SAH, renal
or liver disease, and other cerebral disorders.

3 Chemical Properties of Nimodipine

Nimodipine, 3-O-(2-methoxyethyl) 5-O-propan-2-yl
2,6-dimethyl-4-(3-nitrophenyl)-1,4-dihydropyridine-
3,5-dicarboxylate, has a 1,4-dihydropyridine ring structure
(Fig. 1). Nimodipine is a yellow crystalline compound that
is insoluble in water but soluble in ethanol, polyethylene
glycol 400, and dimethyl sulfoxide [10]. It is sensitive to
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light with a degradation half-life of 56 h and 16 h when
50 ng/mL nimodipine solution was exposed to daylight
and ultraviolet light, respectively [11]. Nimodipine is a
chiral compound with an asymmetric carbon at position
4 and it is marketed as a racemic mixture of (4+)-R and
(—)-S nimodipine. Towart et al. have found that (—)-S
nimodipine is approximately twice as potent a vasore-
laxant as the racemic mixture; however, the clinical rel-
evance of such differential pharmacology is unclear [12].
Nimodipine is an amphiphilic compound and its selectivity
towards cerebral blood vessels has been attributed to the
increased lipophilicity of the drug and its ability to cross
the blood—brain barrier [13, 14].

4 Nimodipine Pharmacodynamics

Nimodipine inhibits the influx of calcium ions through
voltage-gated L-type calcium channels of vascular
smooth muscles, thereby, causing vasorelaxation [15, 16].
Nimodipine has been shown to dilate blood vessels and
prevent vasoconstriction particularly in small arterioles
whose diameters are 70-100 pum [17, 18]. Despite that,
nimodipine reported benefits in patients with SAH were
not related to its effects on vasospasm, suggesting other
potential mechanisms. Furthermore, nimodipine elevates
adenosine levels in the central nervous system with sub-
sequent inhibition of the excitatory neurotransmitter glu-
tamate, a potential neuroprotective mechanism [19-22].

Fig. 1 Chemical structure of nimodipine. * indicates chiral carbon
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5 Nimodipine Pharmacokinetics
5.1 Absorption

Nimodipine undergoes rapid absorption from the gastro-
intestinal tract followed by extensive first-pass hepatic
metabolism. The oral bioavailability of nimodipine has been
reported to range from 3 to 30%. Both the parent drug and
the metabolites start to circulate 10-15 min after ingestion
with the time to peak concentration (7,,,,) from 0.5 to 1 h
[23, 24]. Nimodipine follows a linear PK profile where the
area under the concentration—time curve (AUC) is propor-
tional to the administered dose [25].

5.2 Distribution

Volume of distribution (Vd) of oral nimodipine ranges from
as low as 0.94 L/kg to as high as 2.46 L/kg. Nimodipine is
highly bound to plasma proteins (>95%) particularly, alpha-
acid glycoprotein (AAG) [26]. Therefore, the distribution of
nimodipine can be affected by the concentration of AAG.
To illustrate, Ensom et al. compared AAG levels in patients
with SAH with controls before and after surgery [26]. Pre-
operative values of AAG in patients with SAH were 39%
higher than the values of controls. However, AAG levels of
patients declined significantly postoperatively and reached
control levels 48 h post-surgery. This transient shift in AAG
levels had an impact on serum nimodipine total concentra-
tion and the unbound fraction. Furthermore, the concentra-
tion of nimodipine in cerebrospinal fluid was inversely pro-
portional to the level of AAG [26].

5.3 Metabolism and Excretion

Nimodipine undergoes extensive hepatic metabolism with
cytochrome P450 (CYP) 3A4 and 3AS enzymes [23, 24,

27]. It undergoes multiple metabolic pathways (Fig. 2) and
more than 18 metabolites have been reported [28, 29].
Nimodipine plasma concentrations decline rapidly with a
half-life of 1-2 h and a reported terminal half-life of 9 h
[11, 30, 31]. As nimodipine has a chiral carbon atom, it
exists as (+)-R and (—)-S enantiomers. The (—)-S enan-
tiomer is more rapidly eliminated than (+)-R following
oral dosing [32-35]. However, such differential effect was
not apparent when nimodipine was administered intrave-
nously, suggesting enantioselective first-pass metabolism.
It is excreted in urine and bile mainly as metabolites.

6 Nimodipine Pharmacokinetic Variability

A large interpatient variability in nimodipine pharmacoki-
netics has been reported in different patient populations
and healthy volunteers. Variabilities in the bioavailabil-
ity (F) and clearance (CL) of nimodipine with resultant
altered nimodipine systemic concentrations were reported.
Figures 3, 4, 5 summarize observed nimodipine concen-
trations in various pharmacokinetic studies. As seen in
Fig. 3, steady-state plasma concentrations following intra-
venous infusion (Cg,;) had a range from as low as 10.8
up to 73 ng/mL with equivalent daily dosing. Similarly, a
wide range of peak plasma concentrations following oral
administration (C,,,.po) Of a single 60-mg dose (Fig. 4)
and at steady state (Fig. 5) was observed. Patient-specific
factors that had an influence on PK parameters are age and
sex of the participants, comorbidities, and variabilities in
metabolism due to genetic polymorphisms. This section
provides a summary of the potential covariates contribut-
ing to nimodipine PK variability.

Fig.2 Common biotransforma-
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Fig.3 Steady-state nimodipine plasma concentrations following
intravenous infusion (Cg,;) in healthy individuals, patients with suba-
rachnoid hemorrhage (SAH), skull base lesions, cerebral vasospasm,
and subjects who underwent coronary artery bypass grafts (CABG)
[35, 38, 56-58, 67-74]. In Scheller et al. (n=22), patients started on

6.1 Effect of Age on Nimodipine Pharmacokinetics

Muck et al. specifically compared the PK parameters of
nimodipine in young vs old populations [36]. The young
age group included 24 subjects aged 22—40 years and the
older age group included 24 subjects aged 59-79 years.
The study showed no statistically significant differ-
ences in PK parameters between the two groups after a
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1 mg/h for 2 h, increased to 2 mg/h, then decreased to 1 mg/h due
to low blood pressure. The duration that patients were taking 2 mg/h
was not reported in the article. The data for this study are grouped
under a daily dose of 24 mg [71]

single intravenous infusion of 15 pg/kg infused over 1 h.
However, a higher C,,, and AUC was observed in the
older age group when both groups were administered
nimodipine 30 mg orally as a single dose and as a three
times-daily multiple-dose regimen. The reported C,,,,
and AUC for the older age group were 23.3+1.62 ng/
mL and 47.5 +1.62 ng-h/mL, respectively; while for the
young group the C,,, and AUC were 13.5+2.03 ng/mL
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Articles with Healthy Subjects

Liver Cirrhosis Epilepsy Patients

Fig.4 Peak plasma concentrations following oral administration (C,,,.p) of a single 60-mg nimodipine dose in healthy individuals and patients

with liver cirrhosis and epilepsy [42, 44, 46, 50, 70, 75-81]

and 25.7 +1.73 ng-h/mL, respectively [36]. This suggests
that older adults have reduced first-pass metabolism of
oral nimodipine compared with younger patients. Similar
C...x and AUC values have been reported in a study of 21
elderly patients with various central nervous system disor-
ders [37]. In addition, in a population PK analysis of previ-
ous PK studies, the authors have found that nimodipine CL
was reduced by 32% in elderly subjects (aged > 65 years).
Furthermore, the authors reported a significant inter-indi-
vidual variability of nimodipine PK parameters: 60% in
CL, 59% in apparent volume of distribution of the central
compartment, and 95% in apparent volume of distribution
of the peripheral compartment [30]. Similar to what was
observed in healthy subjects, there was also a negative
correlation between nimodipine CL and age seen in 24

patients with SAH treated with surgical clipping (r=—0.4,
p <0.05) [38]. Taken together, the first-pass metabolism
and CL of nimodipine are age dependent.

6.2 Effect of Sex on Nimodipine Pharmacokinetics

Sex differences in nimodipine pharmacokinetics were not
as apparent as the effect of age. Results from Muck et al.
have reported that nimodipine CL among male individuals
(n=12) is slightly lower than female individuals (n=11)
[36]. However, there was no sex differences (p =0.573)
in the observed nimodipine levels in a study involving
patients with SAH [39].
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Fig.5 Steady-state peak plasma concentrations following oral administration of nimodipine 30 mg every 8 h in healthy individuals, patients with
chronic kidney disease (CKD), and subjects with cerebral disorders [31, 33, 37, 48, 51, 78, 82-87]

6.3 Effect of Renal Function on Nimodipine
Pharmacokinetics

The influence of renal function on oral nimodipine (30 mg
administered every 8 h) has been studied in two reports [40,
41]. In both studies, C,,,.po Was at least 17 ng/mL higher
in subjects with chronic kidney disease subjects compared
with those with normal kidney function (Fig. 5). Kirch et al.
have concluded that the nimodipine half-life is prolonged
in patients with CKD, defined as estimated glomerular fil-
tration rate < 60 mL/min. However, both groups were not
age matched, where patients in the CKD group were older
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(65.3+4.1 vs 25.2+2.4 years), which could have contrib-
uted to this observation. Furthermore, Terziivanov et al. have
reported increased nimodipine PK variability among patients
with creatinine CL 51-80 mL/min. The authors concluded that
although nimodipine is mainly metabolized by the liver, renal
function could be an additional factor contributing to nimodi-
pine PK variability.
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6.4 Effect of Liver Disease on Nimodipine
Pharmacokinetics

As hepatic metabolism is the main route of nimodipine
elimination, the influence of liver cirrhosis on nimodipine
pharmacokinetics has been studied. It has been reported that
the apparent oral CL of nimodipine is substantially lower
in patients with liver cirrhosis than in healthy subjects. As
a result, the observed C,,,,pp in patients with liver disease
was 1.4- to ninefold higher than C,,,pq observed in those
with normal liver function (Fig. 4). Furthermore, there was
a large variability in the influence of liver disease on nimodi-
pine oral CL with CL ranges from as low as 60 L/h to as
high as 652 L/h. Like other highly protein bound lipophilic
compounds that are extensively metabolized, the observed
variability may be due to disease-induced changes in protein
binding, gastric and enterohepatic circulation, and hepatic
blood flow, as well as an intrinsic decrease in the meta-
bolic capacity of the liver [42]. The clinical significance of
decreased nimodipine CL in patients with cirrhosis was evi-
denced by a reduction in main arterial pressure in cirrhotic
patients. A concentration-related blood pressure reduction
was seen in the individual data of cirrhotic patients, which
was not seen in control subjects [42].

6.5 Effect of Genetic Polymorphism on Nimodipine
Pharmacokinetics

As discussed under “Metabolism”, nimodipine is mainly
metabolized by the CYP3A enzyme family. Genetic poly-
morphism of the enzyme CYP3AS5 has been reported to
alter the disposition of nimodipine. Depending on their
metabolizing enzyme genotype, patients can fall into four
categories: extensive, normal, intermediate, and poor
metabolizers [43]. In a pharmacogenetic study conducted
in healthy Chinese individuals, participants who were car-
riers of homozygous CYP3A5 (*¥3/*3) and received oral
nimodipine had higher C,,, and AUC compared with those
with heterozygous CYP3AS5 (*1/*3) or wild-type CYP3AS
(*1/*1). This has been attributed to reduced nimodipine CL
in the homozygous CYP3AS5 (*3/*3) group (538 + 153 vs
758 £260 L/h, p=0.03) [44]. Furthermore, a recent case
study reported severe bradycardia with junctional atrioven-
tricular heart block and hypotension for an elderly patient
treated with nimodipine who had the CYP3AS genotype
(*3/*3) [poor metabolizer] [45]. This is believed to be
partially caused by the advanced age of the patient and
the altered genotype status for one of the major enzymes
responsible to nimodipine metabolism (CYP3AS5) [45]. This
suggests the potential utility of pharmacogenomic testing in
patients with SAH to predict nimodipine tolerability [43].
Further studies are needed.

6.6 Drug Interactions and Nimodipine
Pharmacokinetics

Being a substrate of CYP3A enzymes, nimodipine is sus-
ceptible to drug—drug interactions with liver microsomal
enzymes inducers (such as phenytoin and carbamazepine)
and inhibitors (such as cimetidine and grapefruit juice). As
patients with SAH often present with seizures, interactions
with antiepileptic drugs (AEDs) is of most relevance. Effects
of enzyme-inducing AEDs such as phenytoin, carbamaz-
epine, and phenobarbital were investigated in patients with
epilepsy. After a single oral dose of 60 mg nimodipine,
patients who have been taking enzyme-inducing AEDs for
at least 4 months had significantly lower nimodipine plasma
concentrations compared with healthy controls (C,,,.po
4.2 vs 39 ng/mL, respectively) [46]. Similarly, in a study
involving patients with SAH, concomitant administration
of phenytoin in two patients resulted in lower nimodipine
concentrations compared with those not taking phenytoin
[47]. However, patients with epilepsy taking enzyme-
inhibiting AEDs such as valproic acid had slightly higher
nimodipine plasma concentrations compared with normal
subjects (Cpapo 48 vs 39 ng/mL, respectively) [46]. It is not
clear; however, if altered nimodipine concentration trans-
lates into altered drug response. To illustrate, administration
of cimetidine and grapefruit juice with nimodipine resulted
in 75 and 51% increase in AUC of nimodipine, respectively.
However, there were no significant differences in blood pres-
sure despite the increase in AUC [48, 49]. Several studies
have also reported no interactions when nimodipine was
co-administered with ranitidine, clazosentan, tirilazad, diaz-
epam, propranolol, and indomethacin [48, 50-54].

6.7 Influence of Nimodipine Formulations
on Nimodipine Pharmacokinetics

Nimodipine is marketed as soft gelatin capsule, oral tab-
let, intravenous solution, and oral suspension. Both tablets
and capsules have comparable AUCs (91.1 ng-h/mL and
103.5 ng-h/mL, respectively). However, C,,,.po is lower with
the tablet formulation compared with the capsule (45.6 ng/
mL vs 69.1 ng/mL, respectively) and T,,,, is longer with
tablets (0.77 h vs 0.59 h) [55]. This suggests that the tablet
formulation has slightly delayed absorption compared with
the capsule. There was no direct comparison of nimodipine
oral liquid to other oral formulations.

6.8 Influence of Administration Technique
on Nimodipine Pharmacokinetics

Patients with SAH who are able to swallow will administer

the whole capsules or tablets, otherwise, nimodipine liquid
needs to be drawn from the capsules, tablets to be crushed
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or commercially available liquid to be administered through
enteral feeding tubes for those who are unable to swallow,
such as those with altered mental status or mechanically
ventilated. It is not clear, however, whether these techniques
of administration are equivalent. Few studies have shown
a decreased nimodipine systemic exposure and increased
PK variability when it is administered via feeding tubes.
To illustrate, Soppi et al. have reported nimodipine concen-
trations following the standard 60 mg po every 4 h dosing
schedule in patients with SAH [56]. Nimodipine maximum
concentrations had a range from as low as 1 ng/mL up to
56.7 ng/mL for those receiving tablets and 0.9—1.7 ng/ml for
those receiving an extemporaneously prepared oral suspen-
sion. Similarly, Abboud et al. compared plasma nimodipine
concentrations administered parenterally followed by enteral
administration. The AUC of the parenteral route was signifi-
cantly higher than that of the oral route. Moreover, nimodi-
pine AUC for those who swallowed whole nimodipine tab-
lets was higher than those who received it through enteral
feeding tube [median 52 (IQR 26-1411) ng-h/ml vs. 23 (IQR
6-1272 ng-h/ml), respectively, p value 0.006] [57]. In addi-
tion, two patients with high grade SAH had undetectable
nimodipine concentrations. Similarly, Kumana et al. have
reported reduced nimodipine systemic exposure in a patient
given crushed tablets through gastric tube [58]. The reason
for this reduced exposure is unclear. In vitro experiments
indicated that adsorption of nimodipine by the nasogastric
tubing was limited (< 20%) and that was unlikely to have
been the cause of a low plasma concentration [58]. In a ret-
rospective study in SAH patients, after adjusting for disease
severity nimodipine administration technique was associ-
ated with vasospasm where patients receiving nimodipine
enterally had increased prevalence of vasospasm compared
to those administered it as whole tablets [59]. Further stud-
ies are needed to examine the clinical relevance and causes
of the observed reduced nimodipine exposure. Nutritional
intake is another factor that may contribute to nimodipine
PK variability. Presence of food in the gut delays the rate of
nimodipine absorption as evidenced by lower C,,,.po and
prolonged T, [55]. In a post hoc analysis study, absorption
rate constant (Ka) was shown to be decreased if nimodipine
was administered with a meal [30].

6.9 SAH Characteristics and Nimodipine Exposure

The effects of SAH severity and occurrence of DCI on
nimodipine pharmacokinetics have been explored in few
studies. Hunt and Hess score and World Federation of Neu-
rological Surgeons Grade are used to grade SAH severity
on a scale of 1-5, where 5 is the most severe SAH. Four
PK studies have reported SAH grades [39, 47, 57, 58].
Following intravenous administration of nimodipine, it
appears that there is no correlation between SAH grade and
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C.i- However, following oral administration, poor-grade
patients had significantly lower C,,,, and AUC values than
those observed in good-grade patients. This suggests that
the observed differential effects of SAH grade could be
attributed to reduced nimodipine bioavailability secondary
to administration via feeding tube rather than altered drug
clearance. Further studies are needed. With regards to DCI,
three patients developed DCI in a study involving 24 SAH
patients. All subjects were treated with clipping and were
administered IV nimodipine for 7 days. The three patients
that developed DCI had plasma nimodipine concentrations
similar to patients who did not. Authors concluded that it
seems unlikely that the therapeutic failure could be attrib-
uted to individual deviations in the pharmacokinetics of the
drug [38]. However, the study was underpowered to detect
such differences.

7 Nimodipine Exposure and Outcomes
Following SAH

Guidelines recommend that all patients presenting with
aneurysmal SAH should receive a fixed dose of oral nimodi-
pine 60 mg every 4 h for 21 days from SAH onset regard-
less of weight, age, disease severity, comorbidities, and
other patient-specific characteristics [60]. Pharmacokinetic
studies have reported extensive variability of nimodipine
concentrations in various populations (Figs. 3, 4, 5) and in
the setting of SAH, with some patients had undetectable
nimodipine plasma levels [38, 39, 56-58]. The observed
variability in nimodipine exposure may have been attrib-
uted to practice variations in nimodipine administration,
disease severity, administration of concomitant interact-
ing drugs and cytochrome P450 polymorphism [35, 43, 46,
61]. While previous randomized controlled trials have found
that nimodipine reduces the incidence of poor neurologic
outcomes (defined by death, persistent vegetative state, and
severe disability) by 40-86%, still up to 22% patients in the
nimodipine arm experienced poor outcomes [5, 7, 8]. There-
fore, it is not clear if all patients are getting the full benefit
of nimodipine using a fixed dose regimen and the evidence
supporting a correlation between nimodipine concentrations
and patient outcomes is scarce and not clear. Riva et al. have
reported an association between nimodipine CSF concen-
trations and neurological outcomes at 9 months following
SAH onset but they were unable to find such correlation with
plasma concentrations [62]. It should be noted, however, that
all patients were dosed using nimodipine IV infusion and
their plasma concentrations ranged from 24.9 to 71.8 ng/
mL, concentrations way above what has been reported in
some patients given oral dosing [23, 56]. Nevertheless, it
is not clear if minimal or lack of systemic exposure to oral
nimodipine denies its benefit and contributes to worsening
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patient outcomes. The intravenous formulation of nimodi-
pine is not available in Canada and United States and was
banned due to accidental intravenous administration of the
capsule content that has resulted in death or near-death
events [63]. Intravenous nimodipine was compared to the
oral route in two small randomized trials [64, 65]. Both stud-
ies have found no difference in patient outcomes; however,
the number of patients with high Hunt and Hess grade (IV
and V) was small to draw conclusions on the comparabil-
ity of both routes in high grade patients. Further research
is needed. In a way to potentially minimize the systemic
adverse reactions of nimodipine and enhance its cerebrospi-
nal fluid exposure, single dose intraventricular nimodipine
administration has been compared to oral nimodipine in a
double-blind, double-dummy, randomized controlled trial in
SAH patients (NEWTON-2 study) [66]. The intraventricular
formulation was composed of sustained-release micropar-
ticles avoiding repeated dosing. Intraventricular nimodi-
pine had acceptable safety profile but was not superior to
oral nimodipine in achieving favorable outcome defined as
extended Glasgow Outcome scale of > 6 at 90 days following
SAH. It worth to mention that upon subgroup analysis, intra-
ventricular nimodipine demonstrated a trend towards more
favorable outcomes compared to oral nimodipine in those
with WEFNS grades 3—4 [66]. Further research is needed in
poor grade SAH patients.

8 Limitations

This review has limitations. Many of the included studies
had small sample sizes. In addition, studies were heterog-
enous in terms of the included patient population, nimodi-
pine dosage regimen and formulations, making it difficult for
direct comparisons or producing a summary estimate. How-
ever, taken together, the included studies underlined the wide
interpatient variability of nimodipine pharmacokinetics.

9 Conclusion

Nimodipine has been shown to improve outcomes follow-
ing SAH. Guidelines recommend that all patients receive a
fixed dose of oral nimodipine for 21 days. However, phar-
macokinetic studies have reported extensive variability of
nimodipine concentrations in SAH. The observed vari-
ability may have been attributed to practice variations in
nimodipine administration, disease severity, administration
of concomitant interacting drugs and cytochrome P450 poly-
morphism. Therefore, it is not clear if all patients are getting
the full benefit of nimodipine using a fixed dose regimen
and the evidence supporting a correlation between nimodi-
pine concentrations and patient outcomes is scarce. Further

studies are needed to determine if such association exists and
if there is a need for nimodipine dosage individualization in
SAH patients.
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