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ORIGINAL RESEARCH

Incidence of and Factors Associated with
Manipulation of Nimodipine Dosage in Patients
with Aneurysmal Subarachnoid Hemorrhage

Meghan MacKenzie, Sean K Gorman, Steve Doucette, and Robert Green

ABSTRACT

Background: Aneurysmal subarachnoid hemorrhage is a significant cause
of death and disability. Nimodipine 60 mg administered enterally every
4 h improves neurologic outcomes in these patients. However, hypoten-
sion is an adverse effect of nimodipine and is believed to prompt clinicians
to prescribe an unproven, nonstandard nimodipine dosing regimen.

Objectives: The primary objective was to determine the prescribing
incidence of a nonstandard nimodipine dosing regimen (30 mg every
2 h) after initial prescription of the standard dose (60 mg every 4 h). The
secondary objective was to determine factors associated with this dosage
change.

Methods: This retrospective cohort study evaluated participants receiving
nimodipine for aneurysmal subarachnoid hemorrhage at a tertiary care
teaching hospital between October 2005 and December 2011. Univariate
and multivariate regression analyses were performed to identify factors
associated with dosage manipulation.

Results: A total of 166 eligible patients were identified. For all of these
patients, nimodipine 60 mg every 4 h was prescribed initially.
Subsequently, 81 (49%) of the patients were switched to nimodipine 30 mg
every 2 h, whereas 85 (51%) continued on the original dosage
(nimodipine 60 mg every 4 h) for the duration of their treatment.
Multivariate analysis revealed that occurrence of vasospasm (odds ratio
[OR] 5.30, 95% confidence interval [CI] 2.08-13.47; p < 0.001) and
exposure to vasopressor therapy (OR 3.29, 95% CI 1.27-8.50; p = 0.014)
were associated with increased odds of receiving the nonstandard
nimodipine regimen.

Conclusions: Half of patients for whom nimodipine was prescribed for
aneurysmal subarachnoid hemorrhage were exposed to an unproven
regimen. Vasospasm and exposure to vasopressor therapy were associated
with higher odds of receiving the nonstandard regimen. Further research
is needed to evaluate whether nimodipine 30 mg every 2 h is efficacious
and safe for patients in this population.
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RESUME

Contexte : Lhémorragie sous-arachnoidienne anévrismale représente une
cause importante de mortalité et d’invalidité. Cadministration par voie
entérale de 60 mg de nimodipine toutes les 4 heures permet d’améliorer
Pissue neurologique chez ces patients. Malheureusement, I’hypotension
est un effet secondaire de la nimodipine et 'on croit que I'apparition de
cet effet incite des cliniciens a prescrire un schéma posologique de
nimodipine non standard et empirique.

Objectifs : Lobjectif principal visait & déterminer la fréquence de
prescription d’un schéma posologique non standard de nimodipine
(30 mg toutes les 2 heures) apres une premitre prescription d’un schéma
posologique standard (60 mg toutes les 4 heures). Lobjectif second était
de déterminer quels sont les facteurs associés & ce changement de schéma
posologique.

Méthodes : La présente étude de cohorte rétrospective observe les cas de
participants qui ont recu de la nimodipine, en raison d’'une hémorragie
sous-arachnoidienne anévrismale, dans un hépital universitaire de soins
tertiaires entre octobre 2005 et décembre 2011. Des analyses de régression
univariées et multivariées ont été menées afin d’identifier les facteurs
motivant les changements au schéma posologique.

Résultats : Au total, 166 patients admissibles ont été retenus. Tous ces
patients se sont d’abord vu prescrire initialement 60 mg de nimodipine
toutes les 4 heures. Par la suite, 81 d’entre eux (49 %) se sont vu prescrire
30 mg de nimodipine toutes les 2 heures, alors que 85 (51 %) continuaient
de suivre le schéma posologique initial (60 mg toutes les 4 heures) pour
la durée de leur traitement. Une analyse multivariée a révélé que les cas
de vasospasmes (risque relatif approché [RRA] de 5,30, intervalle de
confiance [IC] 2 95% de 2,08-13,47; p < 0,001) et I'exposition a un
traitement par vasopresseur (RRA de 3,29, IC 4 95% de 1,27-8,50;
2 = 0.01) sont associés 2 une augmentation du risque pour le patient
d’exposition au schéma posologique non standard.

Conclusions : La moitié des patients qui se sont vu prescrire de la
nimodipine en raison d’une hémorragie sous-arachnoidienne anévrismale
ont regu un schéma posologique dont l'efficacité n'a pas éeé établie. La
présence de vasospasme ainsi que I'administration d’un vasopresseur ont
été lides 4 augmentation du risque pour le patient d’exposition au schéma
posologique non standard. De plus amples recherches sont nécessaires
pour évaluer lefficacité et I'innocuité d’un schéma posologique de 30 mg
de nimodipine toutes les 2 heures chez les patients de cette population.

Mots clés : hémorragie sous-arachnoidienne, nimodipine, schéma
posologique

[Traduction par Iéditeur]
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INTRODUCTION
Q neurysmal subarachnoid hemorrhage (aSAH), the extrava-

ation of blood into the subarachnoid space following
rupture of an intracranial aneurysm, is a relatively common event
with a high rate of death and disability."* After the initial rupture,
the presence of blood in the subarachnoid space is directly toxic
to the brain parenchyma, causing inflammatory responses,
formation of free radicals, and dysregulation of vasoconstriction
and vasodilatation.> Complications resulting from these processes
include delayed cerebral ischemia, cerebral vasospasm, and other
medical and neurologic sequelae.

Cerebral vasospasm is a leading cause of morbidity and mor-
tality in patients after subarachnoid hemorrhage.’ Vasospasm is
the narrowing of large-capacitance cerebral arteries at the base of
the brain, resulting in reduced cerebral blood flow, secondary
ischemia, and infarction.? Nimodipine is a dihydropyridine
calcium channel blocker that acts primarily by relaxing arterial
smooth muscle, and its use has been associated with improved
outcomes in patients with aSAH.®” Nimodipine exhibits cerebral
vascular selectivity by preferentially dilating cerebral blood vessels
to a greater degree than the peripheral and coronary vascula-
ture.”® Clinical trials evaluating the efficacy of enteral nimodipine
in patients with aSAH have used dosages ranging from 30 to
90 mg enterally every 4 h.”!° The dosage presented in the
Canadian Compendium of Pharmaceuticals and Specialties is
60 mg enterally every 4 h for 21 days after aSAH.®!"12

Hemodynamic lability is independently associated with
death or severe disability following aSAH." Avoidance of blood
pressure fluctuations is a fundamental component of medical
management in patients with aSAH.>'*"® The authors of several
review articles have recommended altering the dosage of
nimodipine in patients experiencing hypotension (e.g., reducing
the nimodipine dose to 30 mg and increasing the frequency of
administration to every 2 h).''* However, this strategy has never
been evaluated in terms of efficacy or impact on blood pressure.

Because of its effect as a calcium antagonist, nimodipine has
the potential to cause systemic vasodilatation resulting in
hypotension in certain individuals. However, according to FDA-
approved labelling text for one proprietary nimodipine product,
the overall estimated incidence of hypotension associated with
enteral nimodipine is 5%.% It has been suggested that adults with
a history of hypertension seem to exhibit increased susceptibility
to this effect, and the effect appears to be dose-related.'*** The
British Aneurysm and Nimodipine Trial reported the incidence
of “hypotension” (without defining this term) as 0.4% (1/278)
in patients receiving nimodipine 60 mg enterally every 4 h and
0.7% (2/276) in patients receiving placebo.”!

Further evidence for the lack of a significant effect on blood
pressure was outlined by Neil-Dwyer and others? in a random-
ized trial evaluating the effect of nimodipine 60 mg enterally
every 4 h versus placebo on daily average mean arterial pressure
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in 75 patients with various grades of aSAH. Mean arterial
pressure was reduced by 5 mm Hg in the nimodipine group and
by 1 mm Hg in the placebo group within the first 24 h of
administration, but there was no difference in mean arterial
pressure over the 21 days following this initial drop. The authors
concluded that there was no alteration of blood pressure with
nimodipine following aSAH.*? Petruk and others'® randomly as-
signed 154 patients with aSAH to nimodipine 90 mg enterally
every 4 h or placebo. Mean systolic blood pressure (+ standard
deviation) was 140.6 + 17.8 mm Hg in patients receiving
nimodipine and 144.2 + 19.6 mm Hg in those receiving
placebo.'” Porchet and others® attempted to determine the
incidence of nimodipine-induced hypotension in patients after
aSAH. Patients were given nimodipine 0.5 mg/h IV, with gradual
titration to a maintenance dose of 2 mg/h and conversion to
enteral administration when their condition improved; alterna-
tively, patients considered to be in good clinical condition initially
were started on nimodipine 60 mg enterally every 4 h. Of the
87 patients enrolled, 31 (36%) experienced mean arterial pressure
of less than 75 mm Hg. In 26 of these 31 cases, the patients were
receiving nimodipine by IV administration, whereas the other
5 were receiving the enteral regimen. These results suggest that
lowering of blood pressure may be more significant at serum
concentrations achieved with IV maintenance dosing.”

The information available to date in the literature, as
summarized above, does not represent compelling evidence that
nimodipine given enterally is associated with significant hypoten-
sion, yet according to our observations in practice, numerous
clinicians employ the alternative dosing regimen of 30 mg
enterally every 2 h, as suggested by experts.'®

There is a lack of solid evidence that nimodipine is
associated with significant decreases in blood pressure, the
suggested alternative regimen of 30 mg enterally every 2 h lacks
proven efficacy, and it is unknown if this alternative regimen has
a different effect on blood pressure than the standard regimen.
Therefore, the primary aim of this study was to determine,
for the authors’ institution, the prescribing frequency of the
nonstandard nimodipine dosing regimen (30 mg every 2 h) after
initiation of the standard regimen (60 mg every 4 h) and to
determine factors associated with use of the nonstandard
regimen.

METHODS

This retrospective cohort study involved patients who were
admitted to QEII Health Sciences Centre, Halifax, Nova Scotia,
from October 2005 to December 2011 for aSAH and who
received nimodipine enterally. The hospital is a 1034-bed adult
tertiary care referral and trauma centre and university-affiliated
teaching hospital. The study protocol was internally reviewed,
and approval was obtained from the Capital Health Research
Ethics Board. Informed consent was not required by the institu-
tional review board.
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The pharmacy department’s drug-use evaluation database
was used to identify adult patients (at least 17 years of age) who
received nimodipine enterally. Patients were grouped according
to their nimodipine regimen (standard or nonstandard, as de-
scribed in the Introduction). The electronic health records of the
identified patients were manually screened for a diagnosis of
aSAH (as confirmed by computed tomography [CT]). All
screening and data collection were performed by one investigator
(M.M.). Patients who received at least one dose of nimodipine
60 mg enterally every 4 h and subsequently received 30 mg
enterally every 2 h were compared with patients who received
nimodipine 60 mg every 4 h for the entire duration of nimodi-
pine therapy. Patients were excluded if they received nimodipine
30 mg every 2 h for the entire treatment duration, if they received
other nimodipine dosage regimens, or if they received nimodi-
pine for less than 72 h. Patients were also excluded if their
subarachnoid hemorrhage had a nonaneurysmal cause, as
documented in the medical record. The rationale for excluding
patients who were started on a nonstandard regimen was the
specific desire to understand what prompted a change in
regimen. In addition, it was rationalized that application of this
exclusion criterion would decrease the risk of indication bias,
because patients initiated on a nonstandard regimen likely
represent one or more different populations, which could
potentially confound the results.

Data for patient characteristics and factors hypothesized to
be associated with manipulation of the nimodipine regimen
from 60 mg every 4 h (standard regimen) to 30 mg every 2 h
(nonstandard regimen) were collected. The investigators included
2 critical care clinicians (a physician and a clinical pharmacy
specialist [R.G. and S.K.G., respectively]) who frequently
manage patients with aSAH. The choice of factors was based on
a literature review and discussion within the investigative team,
which led to a consensus on the following clinically relevant
factors: age, sex, blood pressure (mean 24-h systolic blood
pressure from 48 to 72 h after initiation of nimodipine), admis-
sion to the intensive care unit (ICU), occurrence of vasospasm
at any time during nimodipine therapy, exposure to vasopressor
therapy (norepinephrine or dopamine) at any time during
nimodipine therapy, severe-grade aSAH (Fisher score 3 or 4 [for
classifying appearance of subarachnoid hemorrhage on CT%;
range 1 to 4] and/or Hunt and Hess score 4 or 5 [for classifying
surgical risk?; range 1 to 5]), antibiotic exposure at any time
during nimodipine therapy, and positive results on microbiology
culture at any time during nimodipine therapy.'®"” The time
frame for capturing blood pressure was chosen because nimodi-
pine reaches steady state at about 48 h. Mean blood pressure over
a 24-h period, rather than incident variations or extent of
variations in blood pressure, was chosen primarily because the
retrospective design of the study prevented investigation of

alternative reasons for incident variations. In addition, clinicians
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may be less likely to change a dosage regimen on the basis of one
isolated finding in a population that undergoes hourly blood
pressure monitoring. Typical management of low blood pressure
in this patient population may involve alternative strategies such
as volume resuscitation; therefore, consistently low blood
pressure, refractory to alternative interventions, was considered
more meaningful because of its likelihood to prompt a change
in therapy.'®

Demographic and outcome data were reported with descrip-
tive statistics. Categorical variables are summarized as frequencies,
whereas continuous variables are shown as means and standard
deviations or medians and interquartile ranges (IQRs), as
appropriate. The proportions of outcome events were compared
between nimodipine regimens with a x? test statistic and are
reported as odds ratios (ORs) with 95% confidence intervals
(Cls). Other factors, as outlined above, were compared in a
similar fashion. A multivariate logistic regression model was used
to evaluate the factors associated with a change in nimodipine
dosage, with adjustment for potentially relevant confounders.
For a substantial proportion of the patients, no aSAH severity
score was documented; therefore, a post hoc sensitivity analysis
using the multivariate logistic regression model was performed
to evaluate the factors associated with a change in the nimodipine
dosage for patients with a documented aSAH severity score. Two-
sided p values of 0.05 were considered statistically significant.
Statistical analyses were performed using the SAS 9.1 software
package (SAS Inc., Cary, North Carolina).

RESULTS

Between October 2005 and December 2011, 330 patients
received nimodipine at the study institution, of whom 166 met
the inclusion criteria for this study (Figure 1). Of these, 85 (51%)
patients received the standard regimen for the entire duration of
nimodipine therapy and the remaining 81 (49%) patients were
switched to a nonstandard regimen of nimodipine (30 mg every
2 h) after having received at least one dose of the standard
regimen (60 mg every 4 h). The median time to the switch in
regimen was 2.58 days (IQR 1.33-7.25 days). The characteristics
of the 2 groups were similar, except for a higher incidence of ICU
admission among patients exposed to the nonstandard regimen
(Table 1).

The unadjusted analysis revealed that occurrence of
vasospasm (OR 6.95, 95% CI 2.34-20.66; p < 0.001) and
exposure to vasopressors (OR 6.95, 95% CI 2.87-16.83;
p < 0.001) were associated with manipulation of nimodipine
dosage to the nonstandard regimen (Table 2). According to the
multivariate analysis, the factors associated with nimodipine
dosage manipulation remained the same: occurrence of
vasospasm (OR 5.30, 95% CI 2.08-13.47; p < 0.001) and
exposure to vasopressor therapy (OR 3.29, 95% CI 1.27-8.50;
»=0.014). However, an increase in mean systolic blood pressure
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Nimodipine prescribed

n=330

October 2005 to December 2011

Excluded n =164

¢ SAH of nonaneurysmal origin n =84

¢ Alternative regimens n =27

¢ Nimodipine for<72h n=25

e Initial therapy nimodipine 30 mg q2h n =23
e Other n=5

Y

Included in analysis
n=166

\

60 mg only 60 mg & 30 mg
“non-exposed” "exposed”
n=285 n=281

Figure 1. Flow of patients through the study. SAH = subarachnoid hemorrhage.

Table 1. Patient Characteristics

Therapeutic Regimen; No. (%) of Patients*

Characteristic Standard (60 mg) Nonstandard p value
(n=85) (60 mg, then 30 mg)
(n=81)
Age (years) (mean = SD) 54.8 + 14.0 52.1 +14.1 0.22
Sex, male 25 (29.4) 29 (35.8) 0.38
BMI (mean = SD) 26.7 +5.6 26.0+6.2 0.50
History of hepatic disease 2 2.4 1 (1.2) 0.59
History of hypertension 23 (27.1) 21 (25.9) 0.87
Antihypertensive therapy 23 (27.1) 19 (23.5) 0.59
on admission
Severe grade of aSAHt 42/62 (67.7) 48/67 (71.6) 0.63
Admission to ICU 48 (56.5) 59 (72.8) 0.028
Length of stay (days) 22.14 £ 30 25.72 £19.1 0.36
(mean = SD)
Death 8 (9.4) 10 (12.3) 0.54

aSAH = aneurysmal subarachnoid hemorrhage, BMI = body mass index, ICU = intensive care unit,

SD = standard deviation.

*Except where indicated otherwise. Denominators are indicated in individual cell where they
differ from n values stated in the column headings.
tDefined as Fisher score?* of 3 or 4 and/or Hunt and Hess score?® of 4 or 5. Severity score was

documented for a total of 129 patients.

was associated with significantly lower odds of manipulation to
the nonstandard dosage regimen (OR 0.98, 95% CI 0.96-1.00;
p =0.032) (Table 3). For 37 (22%) of the patients included in
the primary analysis (23 [27%] of those in the group with
standard therapy and 14 [17%] of those in the group with non-
standard therapy), no aSAH severity score was documented.
After exclusion of these 37 patients, vasospasm and vasopressor

exposure remained significantly associated with dosage
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manipulation; however, increased systolic blood pressure was no
longer associated with lower odds of exposure to the nonstandard

nimodipine dosage (Table 3).
DISCUSSION

Despite advances in the management of aSAH, nimodipine
remains the pharmacotherapeutic intervention with the greatest
benefit.> Evidence-based best treatment of aSAH should
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Table 2. Univariate Analysis of Factors Associated with Changing
Nimodipine 60 mg q4h (Standard Regimen) to Nimodipine 30 mg g2h

(Nonstandard Regimen)

Variable OR (95% CI) p value
Age (per year increase) 0.98 (0.95-1.01) 0.15
Sex, male 2.22 (0.93-5.32) 0.07
Mean SBP (per unit increase) 1.00 (0.98-1.02) 0.96
Vasospasm 6.95 (2.34-20.66) < 0.001
Vasopressors 6.95 (2.87-16.83) < 0.001
Severe grade of aSAH* 1.20 (0.57-2.55) 0.63
Admission to ICU 2.03 (0.86-4.79) 0.10
Antibiotic use 1.89 (0.84-4.27) 0.13
Positive result on bacterial culture 1.25 (0.53-2.92) 0.61

aSAH = aneurysmal subarachnoid hemorrhage, Cl = confidence interval,
ICU = intensive care unit, OR = odds ratio, SBP = systolic blood pressure.
*Defined as Fisher score?* of 3 or 4 and/or Hunt and Hess score?® of 4 or 5.
Severity score was documented for a total of 129 patients (62 in the group
that received standard nimodipine therapy, 69 in the group that received
nonstandard nimodipine therapy).

Table 3. Multivariate Analysis Identifying Independent Predictors for
Changing Nimodipine 60 mg g4h (Standard Regimen) to Nimodipine
30 mg g2h (Nonstandard Regimen)

Variable OR (95% Cl) p value
All patients (n = 166)

Age (per year increase) 0.98 (0.95-1.01) 0.16
Sex, male 1.05 (0.49-2.25) 0.91
Mean SBP (per unit increase) 0.98 (0.96-1.00) 0.032
Vasospasm 5.30 (2.08-13.47) < 0.001
Vasopressors 3.29 (1.27-8.50) 0.014
Admission to ICU 0.94 (0.40-2.25) 0.90
Antibiotic use 1.39 (0.52-3.72) 0.51
Positive result on bacterial culture 1.19 (0.43-3.24) 0.74
Patients with documented aSAH

score (n = 129)

Age (per year increase) 0.98 (0.95-1.01) 0.17
Sex, male 1.08 (0.44-2.62) 0.87
Mean SBP (per unit increase) 0.98 (0.96-1.01) 0.18
Vasospasm 541 (1.71-17.07) 0.004
Vasopressors 476 (1.44-15.76) 0.011
Severe grade of aSAH* 0.50 (0.19-1.32) 0.16
Admission to ICU 1.28 (0.46-3.57) 0.63
Antibiotic use 1.44 (0.44-4.71) 0.55
Positive result on bacterial culture 1.67 (0.49-5.67) 0.41

aSAH = aneurysmal subarachnoid hemorrhage, Cl = confidence interval,
ICU = intensive care unit, OR = odds ratio, SBP = systolic blood pressure.
*Defined as Fisher score?* of 3 or 4 and/or Hunt and Hess score?® of 4 or 5.
Severity score was documented for a total of 129 of the patients.

include nimodipine at a dose that has been evaluated in random-
ized controlled trials. Nimodipine 30 mg every 2 h has not been
evaluated in this way, and this dosage could therefore be consid-
ered to represent a drug-related problem. The current study was
undertaken to determine the frequency of this potential drug-
related problem at the authors’ institution and also to determine

whether certain patient-related variables could explain why this
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nonstandard regimen was prescribed. Over the 6-year study
period, about half of all patients who received nimodipine for aSAH
at the study institution received the nonstandard regimen after
initiation of therapy with the standard regimen. On the basis of
our clinical experience and opinion-based recommendations in
published reviews of nimodipine therapy for aSAH, we hypoth-

esized that certain factors related to blood pressure were driving
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the dosage manipulation, including lower systolic blood pressure
after reaching steady-state concentrations of nimodipine, need
for vasopressor therapy, and occurrence of vasospasm. These
3 factors were indeed found to be associated with prescription of
the nonstandard nimodipine regimen in this study.

The most recent clinical practice guidelines for aSAH
recommend that the aneurysm be secured as early as possible to
reduce the risk of rebleeding.? After the aneurysm has been
secured, the most significant complication is vasospasm, which
can lead to delayed cerebral ischemia.” In the current study, a
significantly larger proportion of patients in the group who
received the nonstandard regimen experienced vasospasm, and
it is therefore plausible that clinicians initiated so-called “triple-
H” therapy more often in these patients. Triple-H therapy
involves ensuring that the patient has a hypervolemic state, is
hemodiluted, and is hypertensive.” The most common method
to achieve hypertension is IV administration of vasopressors in
combination with crystalloids. Perhaps clinicians altered the
nimodipine regimen in these patients as an adjunct strategy to
reduce the risk of hypotension. Conversely, clinicians may have
been more comfortable continuing the standard dosage in
patients with higher blood pressure, which might explain the
lower odds of dosage manipulation in patients with higher blood
pressure. However, after adjustment for the severity of aSAH,
higher blood pressure was not associated with lower odds of
receiving the nonstandard nimodipine regimen. The sample size
was reduced by more than 20% in this sensitivity analysis, and
it is therefore possible that analytical power was lost to detect
an association between this factor and the type of nimodipine
regimen.

This study had several limitations. The observational study
design is subject to a number of biases and confounders. Selection
bias may have been present, in that the different nimodipine
dosage regimens may indicate the presence of 2 entirely different
patient groups. Information bias may have been present, since
completeness of health record documentation may have differed
between the groups. For example, the frequency of missing aSAH
severity scores was higher among patients exposed to the standard
nimodipine regimen. This imbalance may reflect potential bias
whereby participants for whom severity scores were not
documented had lower severity of illness. It could be argued that
these patients may have been more stable (e.g., fewer admissions
to the ICU, decreased use of vasopressors, more stable blood
pressure, fewer occurrences of vasospasm) and less likely to be
switched from the standard regimen. Another reason for the
missing entries may have been the study institution’s role as the
major neurosurgical referral centre within the region, with many
patients being transferred from other hospitals, where their initial
CT and clinical exams would have been performed. It could be
that only patients whose condition is stable can be transferred,
and such patients may reflect a group with lower severity of
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aSAH. Multiple methods of severity scoring were allowed, and a
nonvalidated system was used for defining severe aSAH accord-
ing to Fisher and Hunt and Hess scoring. Specifically, a Fisher
score of 3 or 4 and a Hunt and Hess score of 4 or 5 were consid-
ered severe, because patients with these scores have poor
outcomes following aSAH.?*?® For many participants, only one
of these severity scores was documented; therefore, severity of
aSAH was analyzed in a dichotomous manner. The limitation of
this analysis method is the assumption that the 2 scoring systems
are concordant in terms of characterizing a patients risk for poor
outcomes. For example, it is possible that a patient could have a
high score on the Fisher score and a low score on the Hunt and
Hess scale, but on the basis of the Fisher score, this patient would
be coded as having severe-grade aSAH. The occurrence of
vasospasm was captured from the physician’s progress notes and
discharge summaries documented in the health record but was
not necessarily radiographically confirmed; in the absence of
radiographic confirmation, there might have been misclassifica-
tion of vasospasm. Nonetheless, identical processes were used to
capture information from the health records of patients in the
2 groups, which should have minimized the impact of these
potential biases.

The ability to elucidate whether blood pressure lability was
associated with manipulation of the nimodipine dosage regimen
was hindered by the fact that half of the patients who were
switched to the nonstandard regimen experienced the dosage
change about 2.5 days after nimodipine initiation, and mean SBP
was captured between 48 and 72 h following the first dose of
nimodipine. It might have been possible to increase the number
of patients in this analysis by including an additional 27 patients
who were switched to other nonstandard regimens (e.g., 30 mg
every 4 h). However, the basis of this study was the suggestion
by experts that a specific unproven regimen (30 mg every 2 h)
be used when patients experience a drop in systolic blood
pressure, and it was thought that including patients on other
nonstandard regimens would introduce additional bias. These
27 patients may represent a different patient population, and we
cannot hypothesize why the various alternative regimens were
employed. There was also a high suspicion of collinearity
concerning blood pressure—related variables. For example, ICU
admission, occurrence of vasospasm, and exposure to vasopressor
therapy may be indicators of the same underlying clinical
variable, given that vasopressor therapy is commonly used to treat
vasospasm and a patient must be admitted to the ICU to receive
vasopressors. In light of the possible associations among these
variables, variance inflation factors were used to assess for possible
collinearity. There was no statistical suggestion of collinearity,
and the associations found were independent. This lack of
statistical collinearity is clinically plausible, in that many of these
patients could have received vasopressors for septic shock and
could have been admitted to ICU for reasons unrelated to
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vasopressor therapy. In addition, the temporal relation between
hypothesized variables and manipulation of the dosage regimen
was not captured, which precluded determination of the
direction of association between the variables explored and the
outcome of interest (manipulation of nimodipine dosage). For
example, the analyses revealed that the occurrence of vasospasm
was independently associated with exposure to the nonstandard
nimodipine dose. However, it is impossible to conclude whether
the regimen was altered because of the onset or persistence of
vasospasm or whether manipulation of the regimen led to
vasospasm. The elapsed time from presentation to hospital to
securement of the aneurysm was also not captured. This elapsed
time has potential implications for blood pressure targets and
possibly the nimodipine dosage regimen. For example, it is
recommended that systolic blood pressure be kept below
160 mm Hg before securing the aneurysm, to reduce the risk of
rebleeding; therefore, it is possible that prescribers who believed
that nimodipine significantly affects hemodynamics continued
the standard nimodipine regimen in these circumstances.”

The patient inclusion period for this study spanned 6 years,
so there could have been a time-related treatment bias if
nimodipine prescribing practices changed over time. In addition,
the incidence of important outcomes such as delayed cerebral
ischemia was not captured. The only outcome measure captured
in this study that differed significantly between groups was ICU
admissions, with an increased incidence of admissions in the
group receiving the nonstandard nimodipine regimen. This dif-
ference may be explained by the different mix of clinicians caring
for patients in the closed ICU setting, relative to the neurosur-
gical wards. It is possible that intensive care physicians have a
perception of the hemodynamic effects of nimodipine that is
systematically different from that of neurosurgeons. Another
possible explanation for this difference was the significant
association between vasopressor use and exposure to the non-
standard nimodipine dose. Policy at the study institution dictates
that vasopressors can be administered only in critical care areas.

The strengths of this analysis included the systematic
methods employed to identify the prescription frequency of the
specified nonstandard regimen at a large, tertiary care academic
hospital. The high prescribing frequency of the nonstandard
nimodipine regimen observed in this study validates our
speculation that this represents a potential drug-related problem.
The internal validity of the analysis was strengthened by
the method used to determine which factors to include in the
regression analyses. Factors were identified by an intensive care
physician and critical care pharmacy specialist on the basis of
clinical plausibility, rather than mathematical modelling. Finally,
to our knowledge, this is the first study to evaluate the frequency
of prescribing a nonstandard nimodipine dosage regimen and to
attempt to identify factors associated with its use. The results of
this analysis have laid the groundwork for future research that
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should examine the efficacy and safety of the nonstandard
regimen in this population.

Nimodipine dosage manipulation is an unproven strategy
for managing aSAH and increases the opportunity for medica-
tion administration errors. Such errors have been associated with
the complexity of medication orders.’**® Dosing nimodipine
every 2 h rather than every 4 h increases opportunities for
medication administration—related errors, creating the potential
for untoward effects in these patients. It should also be
emphasized that nimodipine is a highly lipophilic compound
with preferential action in the central nervous system and
a low incidence of inducing hypotension. If the incidence of
nimodipine-induced hypotension is truly 5%, then it appears
that the perceived hypotension risk has been overestimated at the
study institution.

CONCLUSIONS

A nonstandard nimodipine dosage regimen was prescribed
at a frequency similar to that of standard dosage regimen. Blood
pressure—related factors such as need for vasopressors and
occurrence of vasospasm were associated with patients being
switched to the nonstandard regimen. Higher blood pressure was
protective against a change to the nonstandard regimen. Future
efforts should focus on educating clinicians about the unknown
efficacy and safety of the nonstandard regimen. Future study
is needed to determine whether the nonstandard regimen is
effective and safe for patients with aSAH.
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