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Objective: In clinical practice, nimodipine is used to control cerebral
vasospasm (CVS), which is one of the major causes of severe disability
and mortality in patients with aneurysmal subarachnoid hemorrhage (aSAH).
However, the exact efficacy of nimodipine use for patients with aSAH is still
controversial due to the lack of sufficient and up-to-date evidence.

Methods: In this meta-analysis, the latest databases of the Cochrane Central
Register of Controlled Trials, PubMed-Medline, Web of Science, Embase,
Scopus, and OVID-Medline were comprehensively searched for retrieving all
randomized controlled trials (RCTs) regarding the efficacy of nimodipine in
patients with aSAH. The primary outcome was a poor outcome, and the
secondary outcomes were mortality and cerebral vasospasm (CVS). After
detailed statistical analysis of different outcome variables, further evidence
quality evaluation and recommendation grade assessment were carried out.

Results: Approximately 13 RCTs met the inclusion criteria, and a total of
1,727 patients were included. Meta-analysis showed that a poor outcome was
significantly reduced in the nimodipine group [RR, 0.69 (0.60-0.78); 12 = 29%].
Moreover, nimodipine also dramatically decreased the mortality [RR, 0.50
(0.32-0.78); 12 = 62%] and the incidence of CVS [RR, 0.68 (0.46-0.99); |2
= 57%]. Remarkably, we found a poor outcome and mortality were both
significantly lower among patients with aSAH, with the mean age < 50 than
that mean age > 50 by subgroup analysis. Furthermore, the evidence grading
of a poor outcome and its age subgroup in this study was assessed as high.

Conclusion: Nimodipine can significantly reduce the incidence of a poor
outcome, mortality, and CVS in patients with aSAH. Moreover, we strongly
recommend that patients with aSAH, especially those younger than 50 years
old, should use nimodipine as early as possible in order to achieve a better
clinical outcome, whether oral medication or endovascular direct medication.

Systematic review registration:
CRD420223346109.

www.york.ac.uk/inst/crd, identifier:

subarachnoid hemorrhage, nimodipine, meta-analysis, poor outcome, mortality,
cerebral vasospasm
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Introduction

Cerebral vasospasm is still the major cause of severe
disability with
subarachnoid hemorrhage (aSAH), which accounts for 3-

and mortality in patients aneurysmal
5% of all strokes and annually poses a life and health threat to
600,000 persons worldwide (1). It was worth noting that the
combined morbility and mortality in younger patients with
aSAH reaches as high as 50% (1, 2). Moreover, Lashkarivand
et al. have reported that the 1-year mortality rate of patients with
aSAH can reach 65.8%, even with the early aneurysm clipping
or interventional embolization (3-5). Therefore, it is urgent for
a clinical expert to identify an effective drug to prevent patients
with aSAH from CVS and subsequent serious adverse outcomes,
including severe disability and mortality.

Some studies have previously reported that nimodipine had
a moderate effect of reducing cerebral vasospasm in patients
with aSAH (6, 7). However, due to the limited research literature
and insufficient updated evidence, there is still not a unified and
precise conclusion on the efficacy of nimodipine in SAH. For
example, whether the route of nimodipine administration has
an impact on the final outcome, whether the patients of different
ages have variable responses to nimodipine, and whether the
results of multi-center studies and single-center studies are
consistent have not been comprehensively investigated and
elaborated in previous pieces of literature.

In the last decade, four updated RCTs investigating the effect
of nimodipine on the clinical outcome have become available
(8-11). In these trials, the route of drug administration and
dose and control measures was different from previous studies.
Therefore, it is essential to conduct a comprehensive meta-
analysis, including all RCTs, for better revelation of the medical
efficacy of nimodipine in treating patients with aneurysmal SAH.
Currently, there is no definitive evidence of recommendation for
the clinical application of nimodipine in patients with aSAH.
Given the circumstances, our detailed and comprehensive
meta-analysis study of nimodipine might provide a valuable
guidance for its accurate use in the clinical treatment of patients
with aSAH.

Methods

Protocol and guidance

This study was performed in accordance with Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) (12). The flowchart of the literature search strategy
is presented in Figure 1. In the initial search, the discrepancies
were resolved by two researchers (CGX and SZL). The search
strategy is presented in Supplementary Table 1. The protocol for
this review was registered with PROSPERO (CRD42022334619).
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Inclusion criteria

Trials were considered to be eligible if they met the following
criteria: (1) randomized controlled trials; (2) age > 18 and no
sexual or racial restrictions; (3) aSAH diagnosed using computed
tomography or lumbar punctures; (4) patients treated with
nimodipine; and (5) outcomes data, including severe disability,
mortality, and cerebral vasospasm.

Exclusion criteria

Reports were excluded if they had met the following criteria:
(1) animal experiments; (2) SAH due to other etiologies, not
intracranial aneurysm; (3) no unambiguous definition and score
provided for severe disability, mortality, and cerebral vasospasm;
(4) Studies were excluded if low-dose nimodipine was compared
with high-dose nimodipine; and (5) clinical observations,
reviews, and trials without detailed statistical analysis.

Outcomes

The primary outcome was a poor outcome. Secondary
and cerebral

the

outcomes were mortality vasospasm.

Supplementary Table 2 shows definitions of these

outcome variables.

Search strategy

Several chief databases were retrieved by one of the authors
(HYW), including Pubmed-Medline, Embase, Web of Science,
Scopus, Ovid-Medline, and the Cochrane Central Register of
Controlled Trials (CENTRAL). The ongoing or unpublished
eligible trials were identified by searching the ClinicalTrials.gov.
Supplementary Table 1 presents the search strategy.

Study selection

After removing duplicates, animal studies, and reviews, two
independent researchers (CGX and SZL) screened all titles and
abstracts. Finally, complete pieces of literature were obtained
for further screening. Inconsistencies were resolved through
collective discussions.

Data collection process
The data from the final included trials were extracted

by two independent researchers (AYZ and HGZ) by using a
standard data extraction form, including authors, publication
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FIGURE 1
Identification and screenning strategy of final included and excluded studies.

time, population characteristics, study design, interventions,
sample size, outcome indicators, and follow-up time. The
primary outcomes were poor outcomes defined as a modified
Rankin scale (mRS) score of 4-6 or a Glasgow Outcome Score
(GOS) of 1-3 (13, 14). The secondary outcomes were mortality
and cerebral vasospasm.

Assessment of risk of bias
We used the Cochrane Collaboration risk of bias tool to

assess the quality of all included trials by two researchers (HGZ
and AYZ) independently (15).
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Quality of evidence and recommended
strength

The grading of recommendations assessment, development,
and evaluation (GRADE) approach was used to examine the

quality of evidence, including the three outcomes and their
subgroup analysis results (15, 16).

Data synthesis and sensitivity analyses

We performed literature statistical analyses using Stata
16.0 (StataCorp LP) and RevMan (version 5.3; The Cochrane
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Collaboration). Risk ratios and their associated 95% confidence
intervals were used to assess outcomes, and the P-value <
0.05 was considered to be statistically significant. We used the
inconsistent index (I%) test to assess heterogeneity among the
studies, and both p > 0.1 and 12 < 50% were considered to
indicate no heterogeneity (17). The fixed effects models were
used to pool outcomes if significant heterogeneity was not
present (12 < 50%). Otherwise, we used the random effects
models when significant heterogeneity was present (I > 50%).
The sensitivity analysis was used to determine the stability. The
possibility of publication bias of included trials was shown by
the funnel plot and further quantitatively assessed by Egger’s test
and Begg’s test (18).

Subgroup analyses

Subgroup analyses were performed to test interactions
between two subgroups according to the mean of age (>50 and
<50), administrations (oral and vessel), sample size (>80 and
<80), and the number of the research centers (single center and
multi-center). Detailed subgroup analyses were performed for
the two variables of a poor outcome and mortality.

Results

Eligible studies and study characteristics

We initially identified 1,159 records and included 13
eligible trials in the final meta-analysis (Figure 1) (8-11,
19-27). Supplementary Table 3 shows study and population
characteristics of included trials. These trials comprised 1,727
participants, with 561 severe disability and 293 deaths.

Figures 2, 3 show the risk of bias. Using the GRADE
summary of evidence, the quality of evidence and recommended
grade for each outcome variables and their subgroup results are
detailed in Supplementary Table 4 (15, 16).

Primary outcome: Poor outcome

All 13 trials reported severe disability and the mortality.
The poor outcome was calculated as the total number of severe
disability and the mortality. There was significantly statistical
difference in the poor outcome between the nimodipine group
and the control group (RR = 0.69, 95% confidence interval,
0.60-0.78, I? = 29%; Figure 4). Funnel plot analysis showed no
asymmetry (Figure 5). Additionally, Egger’s test (p = 0.051) and
Begg’s test (p = 0.669) showed no publication bias.

After deleting any one of the documents, the combined
effect sizes of all the remaining pieces of literature were between
0.64 and 0.72. There was no apparent difference among these
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results, which revealed that all the literature included in this
meta-analysis passed the sensitivity test.

Subgroup analysis found that the poor outcome was
significantly lower among the patients with the mean age
0.01;
Supplementary Table 5; Figure 6). Nevertheless, no significantly

< 50 than that mean age > 50 (P for interaction =

statistical difference was found in other three subgroups of
sample size, the number of research centers, and the route of
drug administration (Supplementary Table 5).

Secondary outcome: Mortality and
cerebral vasospasm

Nimodipine could significantly reduce the mortality of
patients with aSAH than that in control group (RR = 0.50,
95% confidence interval, 0.32-0.78, 12 = 62%, p = 0.002;
Figure 7). Further subgroup analyses showed that the mortality
was significantly lower among patients with the mean age
< 50 than that mean age > 50 (P for interaction = 0.001;
Figure 8; Supplementary Table 6). Similar to the results of the
three subgroup analyses with a poor outcome, there was no
significantly statistical difference among the sample size, the
number of research centers, and the route of drug administration
subgroups (Supplementary Table 6).

Furthermore, we found statistically significant difference in
the incidence of cerebral vasospasm between the nimodipine
group and the control group (RR = 0.68, 0.46-0.99, 12 = 57%,
p =0.04; Figure 9).

Discussion

In this meta-analysis of 13 randomized controlled trials,
with a total of 1,727 participants, the use of nimodipine was
significantly associated with a poor outcome (RR = 0.69, 95%
confidence interval, 0.60-0.78, p < 0.05) and mortality (RR =
0.50, 95% confidence interval, 0.32-0.78, p = 0.002 < 0.05).
Moreover, the findings also suggested that nimodipine could
significantly reduce the incidence of cerebral vasospasm in
patients with aSAH after the meta-analysis of 6 RCTS (RR =
0.68, 95% confidence interval, 0.46-0.99, p = 0.04 < 0.05).

Principal findings and comparison with
other studies

The methods of this study on a poor outcome differed
from one previous meta-analysis. A system review in 2011
found that nimodipine could decrease patient death by 74%
in analyses of 8 trials with a total of 1,514 participants (p
= 0.008, OR = 0.26, 95% CI, 0.09-0.71) (28). The previous
review has probably reached more broad conclusions as a result
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FIGURE 2
Quiality of the included RCTs assessed by Cochrane Risk of bias summary.
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FIGURE 3
Quality of the included RCTs assessed by Cochrane Risk of bias graph.
nimodipine control Risk Ratio Risk Ratio
r I Events Total Events Total Weight M-H, Fix % Cl M-H. Fix % Cl
Desbordes, J. M. 1989 24 73 28 54  9.7% 0.63 [0.42, 0.96] =
Edward Mee 1988 6 25 12 25 3.6% 0.50[0.22, 1.12] B
G.Neil-Dwyer 1987 6 25 12 25 3.6% 0.50[0.22, 1.12] — =
Han, D. H. 2006 6 35 6 37 1.8% 1.06 [0.38, 2.97] I
J.Philippon 1986 3 31 13 39  35% 0.29[0.09, 0.93] s
Juha 1988 6 62 13 65 3.8% 0.48[0.20, 1.19] — = I
K.C.Petruk 1988 53 72 67 82 18.9% 0.90 [0.76, 1.07] -
Michel Jan 1988 24 73 28 54  9.7% 0.63[0.42, 0.96] EN
Ohman, J. 1991 18 91 23 92  6.9% 0.79[0.46, 1.36] = i
Pickard, J. D. 1989 55 278 91 276 27.5% 0.60 [0.45, 0.80] -
Selbach, M. 2019 15 21 18 20 5.6% 0.79 [0.58, 1.08] =
van den Bergh 2006 7 51 8 53 24% 0.91[0.36, 2.32] e
Yindeedej, V. 2021 9 36 10 32 32% 0.80[0.37, 1.72] s
Total (95% Cl) 873 854 100.0% 0.69 [0.60, 0.78]
Total events 232 329 . .

Heterogeneity: Chi? = 16.83, df = 12 (P = 0.16); 1> =29%

Test for overall effect: Z = 5.73 (P < 0.00001) 092 O.a

Favours [nimodipine] [control]

-
(3}
N
o

FIGURE 4
Efficacy of nimodipine-use in the prevention of poor outcome in SAH patients.

of inaccurate prognostic evaluation methods and insufficient in addition to this main variable of a poor outcome, our
updated published trials. We expanded the scope of the database study went further to provide a comprehensive analysis of the
and found three earlier pieces of literature that met our incidence of the mortality and cerebral vasospasm. Statistical
inclusion criteria (21-23). Compared with the previous review, results combined with severe disability and mortality could more
we excluded three trials without detailed GOS or WENS scoring accurately reveal the efficacy of nimodipine in patients with
system and included four recent updated RCTs published aSAH. Therefore, we chose the poor outcome as the primary
after 2005, involving different control measures and routes of outcome calculated by the sum of severe disability and death.
administration, so that the proportion of the latest pieces of In this meta-analysis, we found that the use of nimodipine
literature has increased by 31% (8-11). could significantly reduce the rate of the poor outcome in
Moreover, previous research mainly focused on the analysis patients with aSAH (RR =0.69, 95% confidence interval, 0.60-
of the overall mortality in patients with aSAH (28). However, 0.78, p < 0.01). There was no obvious heterogeneity in this study
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FIGURE 5
Funnel plot for the bias assessment. RR, relative risk; SE, standard error.

result (p = 0.16, 2 = 29%), fully demonstrating the stability of
the conclusion. On the basis of this result, we further conducted
multilevel subgroup analysis of the poor outcome, including
mean age, sample size, number of study centers, and the route
of administration. Interestingly, our important finding was that
nimodipine use could significantly reduce the occurrence of
the poor outcome in the subgroup of average age < 50 years
(RR = 0.62, 95% confidence interval, 0.52-0.73, p < 0.01).
However, nimodipine did not significantly ameliorate poor
outcomes in subgroups of mean age of 50 years or more (RR
= 0.85, 95% confidence interval, 0.71-1.03, p = 0.09 > 0.05).
The statistical result difference between this mean age subgroup
implied that nimodipine had dramatically different clinical
effects on patients of different age ranges (P for interaction
= 0.01 < 0.05), which, to some extent, was not consistent
with long-term clinical observation and practice experience. To
elucidate this contradictory result, our study further conducted
a detailed quality assessment of included studies and then
elaborately evaluated evidence recommendation levels of all
outcome variables and their age subgroups by using the GRADE
approach, respectively (15, 16). We finally found that the results
of subgroup analysis with the age of <50 years had the highest
quality of evidence, and the recommended level was classified
as strong recommendation. On the contrary, the evaluation
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results of patients with a mean age of 50 years or older
showed a low quality of evidence, which implied that more in-
depth analysis of large sample RCTs would most likely change
these statistical results. All in all, our results did suggest that
nimodipine could be used in patients with aSAH for reducing
a poor good outcome, especially in patients younger than 50.
Meanwhile, we did not recommend the clinical practice that
nimodipine was not treated as a prophylactic drug for protecting
against a poor outcome in patients with aSAH older than
50 years.

Two subgroups about the poor outcome were respectively
analyzed according to the sample size and the number
of research centers (Supplementary Table 5). The subgroup
analyses results showed that the effect of nimodipine did
not depend on the number of the samples and study
centers, which further proved the stability of our conclusions
that nimodipine did reduce the poor outcome in patients
with aSAH. Furthermore, by the subgroup analysis of the
drug administration route, we found that both oral and
direct endovascular administrations could improve the patient
outcomes (Supplementary Table 5), which was consistent with
the previous reports (29). However, due to the limited number
of studies included in this subgroup, this study did not identify
the specific optimal drug dose and route of administration.
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1.2.2 mean of age <50

Desbordes, J. M. 1989 24 73 28 54  9.7% 0.63[0.42, 0.96]
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J.Philippon 1986 3 31 13 39 3.5% 0.29 [0.09, 0.93]

Juha 1988 6 62 13 65 3.8% 0.48 [0.20, 1.19] B
Michel Jan 1988 24 73 28 54  9.7% 0.63[0.42, 0.96]

Ohman, J. 1991 18 91 23 92  6.9% 0.79[0.46, 1.36] I
Pickard, J. D. 1989 55 278 91 276 27.5% 0.60 [0.45, 0.80]

Selbach, M. 2019 15 21 18 20 5.6% 0.79[0.58, 1.08] i
Subtotal (95% CI) 654 625 70.2% 0.62 [0.52, 0.73]

Total events 151 226

Heterogeneity: Chiz = 5.61, df =7 (P = 0.59); 12 = 0%
Test for overall effect: Z = 5.60 (P < 0.00001)

. M}M AL

Total (95% CI) 873 854 100.0% 0.69 [0.60, 0.78]
Total events 232 329

Heterogeneity: Chi? = 16.83, df = 12 (P = 0.16); 1> =29%

Test for overall effect: Z=5.73 (P < 0.00001)
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FIGURE 6
Subgroup analysis of poor outcome according to the mean age.

nimodipine control Risk Ratio Risk Ratio
r ven Total Even | Weight M-H. Random, 95% ClI M-H., Random, 95% CI
Desbordes, J. M. 1989 74 73 20 54 11.3% 0.26 [0.12, 0.57] -
Edward Mee 1988 1 25 6 25 3.8% 0.17 [0.02, 1.29] B
G.Neil-Dwyer 1987 1 25 6 25 3.8% 0.17 [0.02, 1.29] S i
Han, D. H. 2006 1 35 2 37 3.0% 0.53 [0.05, 5.57] - 1
J.Philippon 1986 3 3 74 39 7.3% 0.54 [0.15, 1.92] -
Juha 1988 1 62 8 65 3.8% 0.13[0.02, 1.02] - ]
K.C.Petruk 1988 30 72 25 82 14.9% 1.37[0.89, 2.09] =
Michel Jan 1988 7 73 20 54 11.3% 0.26 [0.12, 0.57] —
Ohman, J. 1991 13 91 17 92 12.5% 0.77 [0.40, 1.50] =
Pickard, J. D. 1989 43 278 60 276 15.5% 0.71[0.50, 1.01] ™
Selbach, M. 2019 2 21 s 20 6.2% 0.27 [0.06, 1.16] -
van den Bergh 2006 2 51 3 53 4.8% 0.69[0.12, 3.98] s
Yindeedej, V. 2021 1 36 0 32 1.8% 2.68[0.11, 63.45] -
Total (95% CI) 873 854 100.0% 0.50 [0.32, 0.78] L 2
Total events 112 181

Heterogeneity: Tau? = 0.31; Chi? = 31.55, df = 12 (P = 0.002); I* = 62%

Test for overall effect: Z = 3.05 (P = 0.002) 0.0 a 1 10 1000
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FIGURE 7
Efficacy of nimodipine-use in the prevention of mortality in SAH patients.

Frontiersin Neurology 08 frontiersin.org


https://doi.org/10.3389/fneur.2022.982498
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Hao et al.

10.3389/fneur.2022.982498

nimodipine control Risk Ratio Risk Ratio

Study or Subgrou Events Total Events Total Weight M-H. Fixed, 95% CI

1.17.1 mean of age >=50

M-H, Fixed, 95% Cl

Edward Mee 1988 1 25 6 25 3.2% 0.17 [0.02, 1.29] B

Han, D. H. 2006 1 35 2 37 1.1% 0.53 [0.05, 5.57]

K.C.Petruk 1988 30 72 25 82 12.6% 1.37 [0.89, 2.09] ™
van den Bergh 2006 2 51 3 53 1.6% 0.69[0.12, 3.98] O
Yindeedej, V. 2021 1 36 0 32  0.3% 2.68[0.11, 63.45]

Subtotal (95% CI) 219 229 18.8% 1.08 [0.73, 1.59] L 2
Total events 35 36

Heterogeneity: Chi? = 5.32, df = 4 (P = 0.26); I> = 25%
Test for overall effect: Z=0.37 (P = 0.71)

1.17.2 mean of age<50

Test for overall effect: Z =2.03 (P = 0.04) Favours [nimodiping]  [control]

FIGURE 9
Efficacy of nimodipine-use in the prevention of cerebral vasospasm in SAH patients
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FIGURE 8
Subgroup analysis of mortality according to the mean age.
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Therefore, further investigating studies are still needed for

guiding clinical practice in the future.

The results of this study on mortality are consistent
with the research of Liu et al. (28). The difference from a
previous study was that we further conducted a comprehensive
subgroup analysis about the mortality, along with the evidence
quality assessment and the recommendation grade evaluation
for the mean age subgroup. No significantly statistical
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differences were found within the three subgroups of the
route of administration, the sample size, and the number of
research centers, except for the mean age subgroup analysis.
If analyzed from a statistical-only perspective, nimodipine
could significantly reduce patients’ mortality. However, the
evidence quality evaluation of both the overall mortality
and the subgroups was evaluated as moderate and low,
respectively. Therefore, more high-quality RCTS of nimodipine
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are needed to determine its efficacy on mortality in SAH in the
future research.

Cerebral vasospasm often occurred about 4-14 days after
aneurysm subarachnoid hemorrhage and was a leading cause
of a poor outcome and death (30-32). Among the 13 RCTs
included in our study, only six trials recorded in detail the
incidence of cerebral vasospasm. We found significant statistical
difference in the incidence of cerebral vasospasm between
the nimodipine group and the control group. Moreover, the
evidence grade of this result was evaluated as moderate,
which meant more high-quality documents were needed
to further confirm the preventive effect of nimodipine on
cerebral vasospasm.

Strengths and limitations

Our meta-analysis has several important strengths. Firstly,
we conducted a comprehensive search of the mainstream
databases and rigorously followed the recommendations of the
Cochrane Collaboration and PRISMA statement. We looked
up in detail the relevant websites and clinical trial registries
for unpublished trials. Furthermore, our study performed
four subgroup analyses of the primary outcome and yielded
more stable and reliable statistical results. Finally, our team
deliberately conducted an assessment of the quality of evidence
by using the GRADE approach and developed accurate clinical
recommendation grades for the primary outcome and the
secondary outcome.

It must be acknowledged that there were also some
limitations in our study. Firstly, the total number of
original RCTs included in our meta-analysis was small,
especially the proportion of updated articles in recent
years. Secondly, due to the lack of long-term follow-up
reports in most pieces of literature, the data in our study
were limited and mainly derived from the short-term
efficacy of nimodipine during patient hospitalization. In
addition,
nimodipine used in included trials varied considerably,

the route of administration and the dose of
which resulted in a predicament that this study could
not determine how to use nimodipine most effectively.
These uncertainties related with the treatment regiments of
nimodipine in patients with aSAH needed more large RCTs for
further investigation.

Conclusion

This that
significantly reduce the incidence of poor outcome, mortality,

meta-analysis  indicates nimodipine can
and CVS in patients with aSAH. Meanwhile, we strongly

recommend that patients with aSAH, especially those younger
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than 50 years old, should use nimodipine as early as possible to
achieve a better clinical outcome.
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