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ABSTRACT

Introduction Delayed cerebral ischaemia (DCI) due

to cerebral vasospasm (cVS) remains the foremost
contributor to morbidity and mortality following aneurysmal
subarachnoid haemorrhage (aSAH). Past efforts in
preventing and treating DCI have failed to make any
significant progress. To date, our most effective treatment
involves the use of nimodipine, a calcium channel blocker.
Recent studies have suggested that cilostazol, a platelet
aggregation inhibitor, may prevent cVS. Thus far, no study
has evaluated the effect of cilostazol plus nimodipine on
the rate of DCI following aSAH.

Methods and analysis This is a multicentre, double-
blinded, randomised, placebo-controlled superiority

trial investigating the effect of cilostazol on DCI. Data
concerning rates of DCI, symptomatic and radiographic
vasospasm, length of intensive care unit stay, and long-
term functional and quality-of-life (QoL) outcomes will

be recorded. All data will be collected with the aim of
demonstrating that the use of cilostazol plus nimodipine
will safely decrease the incidence of DCI, and decrease the
rates of both radiographic and symptomatic vasospasm
with subsequent improvement in long-term functional and
QoL outcomes when compared with nimodipine alone.
Ethics and dissemination Ethical approval was

obtained from all participating hospitals by the Ascension
Providence Hospital Institutional Review Board. The results
of this study will be submitted for publication in peer-
reviewed journals.

Trial registration number NCT04148105

INTRODUCTION

Aneurysmal subarachnoid haemorrhage
(aSAH) is a devastating condition which
affects approximately 9 in 100 000 people
annually around the world.' > Much advance
has been made in the treatment of ruptured
aneurysms; however, there has been little

Strengths and limitations of this study

» First randomised controlled trial in the USA to evalu-
ate the effect of cilostazol and nimodipine on delayed
cerebral ischaemia (DCI) and cerebral vasospasm.

» Adequately powered study.

» Includes both objective outcomes (DCI and angio-
graphic vasospasm) and subjective patient-reported
outcomes.

» We limited the study population to anterior circula-
tion aneurysmal subarachnoid haemorrhage, there-
by limiting the generalisability of the results to other
patient populations.

progress in the treatment and prevention of
delayed cerebral ischaemia (DCI) due to cere-
bral vasospasm (cVS)."'* ¢VS and subsequent
DCI remain to be the most prominent cause
of morbidity and mortality following aSAH.”
Although the mechanism and pathogenesis
of cVS is not fully understood, it is considered
a vital underlying mechanism in DCL*® ¢VS
is known to take effect between days 3 and 21
post-aSAH with a peak incidence between days
6 and 10.” Current therapy includes definitive
treatment of the ruptured aneurysm through
either open clipping or endovascular therapy
followed by a 21-day course of nimodipine
after the onset of SAH.”® Nimodipine is a
dihydropyridine calcium channel blocker
which is recommended for the postproce-
dural treatment of aSAH for the prevention
of DCI*? This regimen has shown long-term
outcome improvement following aSAH.” '
Multiple other modalities have been investi-
gated for the treatment and/or prevention
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of ¢VS including mechanical removal of blood, cisternal
irrigation, Rho kinase inhibitors, triple-H therapy and
numerous endovascular treatments—all of which demon-
strated minimal efficacy or limited use. ™1 Despite years
of investigation and improvement, the risk of symptom-
atic and radiographic vasospasm remains unacceptably
high between 20% and 50%'' '**' and as high as 80%,
respectively.'! ** This also continues to be prevalent at
our institution as we observed rates of symptomatic vaso-
spasm and DCI to be 40% and 60%, respectively.

Cilostazol, a platelet aggregation inhibitor used for
the treatment of symptomatic intermittent claudication,
is a selective phosphodiesterase-3 inhibitor that exerts
a vasodilatory and antithrombotic effect.” This vasodil-
atory effect has been demonstrated on healthy cerebral
arteries,24 and shown to prevent cVS in SAH animal
models.” * Subsequent human trials have demon-
strated cilostazol to be safe and effective at decreasing
both radiographic and symptomatic cVS, with no serious
adverse reactions.” 2% In addition, two recent system-
atic reviews and meta-analyses both concluded that
cilostazol effectively reduced incidences of vasospasm,
new cerebral infarction and poor outcomes in patients
following aSAH.?! * However, to date, no randomised
controlled trial has evaluated the combined application
of nimodipine and cilostazol. This combination therapy
of nimodipine and cilostazol with possible synergistic
effect requires further investigation.31

Our randomised superiority trial seeks to investigate
the combined effect of cilostazol plus nimodipine on cVS,
rates of DCI and functional neurological outcome when
compared with nimodipine alone.

STUDY GOALS AND OBJECTIVES

Our goal is to demonstrate that cilostazol plus nimodipine
is safe and superior to nimodipine alone in the preven-
tion of DCI in patients with aSAH.

Primary objective
» To demonstrate that the combined use of cilostazol
plus nimodipine when compared with nimodipine

alone will decrease the rate of DCI in patients
following aSAH.

Secondary objectives

» To demonstrate that the combined use of cilostazol
plus nimodipine is not associated with increased drug-
related serious adverse events (SAE).

» To demonstrate that the combined use of cilostazol
plus nimodipine will decrease rates of symptomatic
and radiographic vasospasm.

» To demonstrate that the combined use of cilostazol
plus nimodipine will decrease the average length of
intensive care unit (ICU) stay.

» To demonstrate that the combined use of cilostazol
plus nimodipine will decrease the incidence of

secondary endovascular intervention (intra-arterial
verapamil or angioplasty).

» To demonstrate that the combined use of cilostazol
plus nimodipine will improve modified Rankin
Scores (mRS) and quality-oflife (Qol) outcomes at
6 months.

METHODS AND ANALYSIS

This is a multicentre, double-blinded, randomised,
placebo-controlled superiority trial in adults in accor-
dance with Standard Protocol Items: Recommendations
for Interventional Trials (SPIRIT) guidelines. This study
will have a two-arm parallel design without cross-over
and equal randomisation per arm. Figure 1 outlines the
Consolidated Standards of Reporting Trials flow chart.

Table 1 provides details to the inclusion, exclusion
and withdrawal criteria. This protocol was approved by
the Ascension Providence Hospital Institutional Review
Board (IRB) and published on ClinicalTrials.gov.

Over a 3-year period, consecutive adult patients over the
age of 18 who present to our tertiary care institution with
aSAH diagnosed on CT and CT angiography (CTA) will
be assessed for eligibility. Recruitment of participants is
based on those adults who are diagnosed with aSAH due to
ruptured anterior circulation aneurysm(s). Patients with
posterior circulation aSAH are known to be lower risk for
developing symptomatic vasospasm and were therefore
excluded to avoid bias.* After satisfying inclusion/exclu-
sion criteria, patients/family members are consented for
full participation in the trial. Once consented, patients
are randomised to receive either placebo or intervention
with a centralised treatment allocation mechanism and
block randomisation to assure the two arms achieve equal
proportion of patients over time.

All patients, treatment providers, investigators and
statisticians are blinded to the allocation. Blinding is
achieved by allocation sequence being concealed to
personnel involved in the enrolling, care and evalua-
tion of the patient. The study coordinator will keep the
randomisation schedule in a cloud-based, secure and
encrypted database. Only the study coordinator who
monitors the trial, the pharmacist who executes the allo-
cation, the supervising investigator who is not involved
in the patients’ care or enrolment will have access to the
randomisation schedule. Pharmacy will prepare identical
appearing tablets/capsules/syringes as placebo which
will conceal the identity of the medications.

All participating patients, after undergoing treatment
of their ruptured aneurysm (open clipping vs endo-
vascular coiling) and confirmation of a stable head
CT 24 hours postintervention will be randomised and
scheduled to receive their allocation within 48 hours of
surgery/intervention for a total of 14 days. In addition
to their randomised allocation, all patients will receive
a standard aSAH treatment plrotocol,7 including 21 days
of nimodipine as endorsed by the Congress of Neurolog-
ical Surgeons. The standardised treatment regimen is
summarised in table 2. Each patient is followed according
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to the data collection schedule (figure 2). While in the
hospital, the patients are monitored frequently (every
hour while in the ICU and every 4 hours while on the
medical/surgical unit) for any adverse event (AE)/SAE
(table 3). AE and SAE are defined using a validated clas-
sification scheme (table 4).** SAEs are defined as a grade
2 or higher (table 4). All unexpected SAEs related or
possibly related to the study medication will be recorded
and reported immediately to the principal investigator
(PI) and the IRB within 24 hours. In addition to cessa-
tion of the intervention, SAEs may present a situation
in which knowledge of the allocation will aid in the clin-
ical management of the patient and therefore warrant
unblinding of the allocation.

The primary outcome will be defined as new ischaemic
areas on CT performed at 1 month following initial
presentation and not observed on postoperative CT (24
hours postintervention) determined by blinded neurora-
diologists.” Ischaemic areas or low-density areas on CT

Analysed
» Excluded from analysis (give reasons)

Study design Consolidated Standards of Reporting Trials (CONSORT) flow diagram.

performed the day after intervention will be defined as
rupture-related or procedural-related infarctions and/or
brain injury (such as ventriculostomy tract, craniotomy
changes, and so on). Secondary outcomes including
symptomatic vasospasm, angiographic vasospasm, length
of ICU stay, QoL. and mRS at 1, 3 and 6 months postoper-
atively will be prospectively collected. Length of ICU stay
will be determined by standardised discharge criteria.
Rates of symptomatic vasospasm will be collected and
defined as development of a new focal or global neuro-
logical deficit or deterioration of at least 2 points on
the Glasgow Coma Scale,”® which was not explained by
initial haemorrhage, rebleeding, hydrocephalus, surgical
complications, fever, infections, or electrolyte or meta-
bolic disturbances regardless of cerebral infarctions on
CT scanning or MRI and angiographic vasospasm on diag-
nostic cerebral angiogram (digital subtraction angiog-
raphy (DSA)) or CTA." 5738 Radiographic vasospasm will
be assessed by either CTA or DSA between 7 and 10 days
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Table 1

Inclusion, exclusion and withdrawal criteria

Inclusion

Exclusion

18 years of age or older
Anterior circulation aneurysm rupture

Patients who have undergone surgical intervention

Absence of rebleeding or new intracranial
haemorrhage on postintervention CT scan

Consent to study participation

Non-aneurysmal subarachnoid haemorrhage.
Multiple ruptured aneurysms.
Patients with congestive heart failure.
Severe aneurysmal subarachnoid haemorrhage (Hunt-Hess grade V).

Active pathological bleeding.

Allergy to cilostazol.

Positive pregnancy test.

Coagulopathy not caused by anticoagulant use.

History of haemorrhagic complications (gastrointestinal bleeding, and so
on).

Uncontrolled or severe comorbidity that would qualify as an absolute
contraindication for cilostazol.

Patients requiring anticoagulant treatment following intervention (eg,
stent-assisted coiling or flow-diverting stent obliteration of aneurysm).
Exception: patients who require the use of aspirin as determined by the
staff member performing the coil embolisation for thromboembolic event

protection due to a small amount of coil extrusion from the aneurysm
neck will be allowed to be included into the trial.

Criteria for discontinuing follow-up: subject wishing to terminate participation in the study at any time throughout his/her participation.

postoperatively. Radiographic vasospasm with be defined
as arterial narrowing not attributable to atherosclerosis,
catheter-induced vasospasm, or vessel hypoplasia as a
ratio of stenosis compared with previous baseline CTA
or DSA as determined by blinded neuroradiologists."*
In each patient, the smallest diameters of 10 arterial
segments of the bilateral distal internal carotid arteries,
MI and M2 segments of the middle cerebral artery and
Al and A2 segments of the anterior cerebral artery will be
measured. Severity of the radiographic vasospasm will be

categorised as none or mild (0%—-25% decrease in vessel
diameter from baseline), moderate (25%-50% decrease
in vessel diameter from baseline) or severe (greater than
50% decrease in vessel diameter from baseline). The
most affected segment will be used to determine severity
of radiographic vasospasm.

To demonstrate superiority, an 80% power is used to mini-
mise chances of false negatives. Assuming a relative effect size
of 29% with the use of cilostazol and a baseline rate of DCI of
50%, a total sample size was estimated to be 100 patients with

Table 2 Standardised treatment regimen

Location Treatment

NSICU and floor

Intervention group

» 60 mg nimodipine every 4 hours for 21 days.
» 100 mg cilostazol two times per day for 14 days.

» CT or MRI scheduled on POD 1, POD 7+2 and PO 1 month+1 week.

» DSA or CTA performed between POD 7 and POD 10 to assess angiographic
vasospasm.

» Standard subarachnoid haemorrhage treatment pathway.*

Control group

» 60 mg nimodipine every 4 hours for 21 days.

» Cilostazol placebo two times per day for 14 days.

» CT or MRI scheduled on POD 1, POD 7+2 and PO 1 month+1 week.

» DSA or CTA performed between POD 7 and POD 10 to assess angiographic
vasospasm.

» Standard subarachnoid haemorrhage treatment pathway.*

CTA, CT angiography; DSA, digital subtraction angiography; NSICU, neurosurgical intensive care unit; PO, postoperative; POD, postoperative

day.;
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Figure 2 Data collection schedule and timeline. AE, adverse event; CTA, CT angiography; EVD, external ventricular drain; DSA,

digital subtraction angiography; mRS, modified Rankin Score.

an alpha of 0.05. In anticipation for any unforeseen events
and those lost to follow-up, we plan to enrol a total of 120
patients.

Patient and public involvement

At the time of 1-month postoperative follow-up, patients or
their families will be asked to participate as study advisers
in our data monitoring and safety committee. There will
be two to four patient advisers at any given time during the
study period, each with a term of 6 months. These patient

Table 3 List of adverse or serious adverse events

Cilostazol Nimodipine
Adverse Headache Adverse  Hypotension (mild)
events Diarrhoea events Diarrhoea
Abnormal stools Dyspepsia
Palpitations Rash
Dizziness Headache
Peripheral oedema Flushing
Dyspepsia
Abdominal pain
Tachycardia
Serious Hypotension Serious Hypotension (severe)
adverse Bleeding adverse EKG changes
events Stevens-Johnson events CHF
syndrome Thromboembolism
Anaphylaxis Thrombocytopenia
Hypersensitivity Anaemia
reaction Gl bleeding
Leucopenia lleus
Thrombocytopenia Intestinal obstruction
Tachyarrhythmias
Myocardial
infarction
Angina

CHF, congestive heart failure; Gl, gastrointestinal.

advisers will share their experience regarding the recruit
ment process, surgery and postoperative care in order to help
ensure patient safety and satisfaction throughout the study.

Trial status
At the time of manuscript submission, the trial is ongoing.

Safety considerations

All study-related AEs are recorded and reported imme-
diately to the PI and subsequently to the IRB within 24
hours of the event as previously stated. All AEs will be
logged in an adverse outcome reporting log as needed.
The institutional data safety monitoring board (DSMB)
will be responsible for monitoring the clinical and surgical
safety of the study and review AEs reported to the IRB
to determine risk and benefits. Any SAE related to the
study medication represents a circumstance under which
unblinding is permissible in order to ensure the safety
of the participant. At that time, the intervention will be
stopped, and any clinical intervention required at the
discretion of the attending surgeon will ensue and docu-
mented and presented to the IRB and DSMB. Members
of the DSMB will be surgeons and related experts who
will meet to review the results and any AEs biannually to
evaluate study safety.

Follow-up

Postoperatively, patients will be followed according to the
data collection schedule (figure 2). Data will be prospec-
tively collected using a standardised specific adverse
outcome and clinical report form (CRF). Once discharged
from the hospital, patients will be scheduled follow-up
visits at 1, 3 and 6 months. Any additional follow-up will
be designated at the discretion of the treating attending
physician.
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Table 4 Definition and classification of surgical complications

Grade Definition
Grade 1 Any deviation from the normal postoperative course without the need for pharmacological or surgical, endoscopic
and radiological interventions.
Grade 2 Requiring pharmacological treatment with drugs other than such allowed for grade 1 complication. Blood
transfusions and total parenteral nutrition are also included.
Grade 3  Requiring surgical, endoscopic or radiological intervention.
3a Intervention not under general anaesthesia.
3b Intervention under general anaesthesia.
Grade 4  Life-threatening complication (including CNS complications)* requiring IC/ICU management.
4a Single-organ dysfunction (including dialysis).
4b Multiorgan dysfunction.
Grade 5  Death of a patient
Suffix If the patient suffers from a complication at the time of discharge, the suffix ‘d’ is added to the respective grade of

complication. This label indicates the need for a follow-up to fully evaluate the complication.

*Cerebral haemorrhage, ischaemic stroke, subarachnoid haemorrhage, but excluding transient ischaemic attacks.
CNS, central nervous system; IC, intermediate care; ICU, intensive care unit.

Data management and statistical analysis

During the first 2 weeks of the trial, the PI, clinical research
coordinator (CRC), will observe all the steps of the inter-
vention and data collection to ensure proper execution.
The progress of data entry, follow-up and recruitment are
logged and monitored regularly by the CRC. The CRF
will be entered into the database within 24 hours of the
patient’s discharge and the database will be maintained to
within 1 week of the data collection. CRC will coordinate
the postoperative follow-up and evaluate the capture rate
for QoL and mRS at 1, 3 and 6 months.

Comparability between groups will be evaluated by
descriptive and univariate analyses. Multivariate, stratified
or subgroup analyses will be used in case of confounders
imbalance. A p value less than or equal to 0.05 will be
considered statistically significant. Bonferroni’s correc-
tion will be applied when appropriate. Descriptive statis-
tics will be used in each arm for proportion who did not
receive allocated intervention, lost to follow-up, excluded
from primary analysis and drug-related complications.
Intention-to-treat, per-protocol and sensitivity analyses
will be performed. An interim analysis will be conducted
quarterly during the trial, that is, after a total of 25, 50
and 75 patients have been enrolled. This is a superiority
trial. Early discontinuation of the study will be depen-
dent on overwhelming positive results for the primary
outcome. We will discontinue the trial if we achieve
p<0.001 threshold at the time of interim analysis.™

Quality assurance

Standardised medication orders will conceal the treat-
mentallocation. The study coordinator will be responsible
for managing the quality of patient data recorded in the
study. All participating research staff will be trained and
given written copies of a standard operating procedure to
ensure consistency during recruitment, consent, handling
of data and follow-up evaluation. The study coordinator

along with the PI will check weekly the content of the
forms and database to ensure accurate and timely entry.
Compliance at all study timepoints including enrolment,
randomisation, intervention, data and outcome collec-
tion will be documented daily on a compliance moni-
toring sheet by the investigator. The recorded data will be
entered into a cloud-based, secure and encrypted data-
base by the research staff. Access to the database will be
restricted. Data validation tool has been embedded in the
database. Data entered will undergo monthly verification
with the source document.

Expected outcome of the study

This study is intended to demonstrate that the use
of cilostazol plus nimodipine is safe and superior to
nimodipine alone in the prevention of DCI in patients
who have aSAH. We expect to identify any immediate
drug-related adverse effects as listed in table 3. Addition-
ally, we aim to demonstrate that cilostazol plus nimodipine
decreases rates of both symptomatic and radiographic
vasospasm.

Duration of the project

Given our institutional volume, we anticipate a study
period of 1-3 years assuming 50% of eligible patients
agree to participate. Interim analysis will be performed
quarterly as previously described and subject to discontin-
uation if all previously defined criteria are met.

Project management

Neurosurgery staff will counsel and recruit subjects
according to their initial screening to participate in this
trial. The neurosurgery staff will check for eligibility using
inclusion and exclusion criteria listed in table 1. They will
also explain the study principles, including the detailed
experimental in-hospital and postoperative protocol,
investigational treatment, potential risks and benefits.
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Subsequent detailed written consent will be obtained by
the staffand placed in a cloud-based, secure and encrypted
database (see online supplemental material). The desig-
nated lead pharmacists will execute the randomised allo-
cation assignment according to the block randomisation
schedule to maintain masking of allocation. The neurosci-
ence ICU charge nurse will be responsible for overseeing
and monitoring administration of the study medication.
The neuroscience-trained intensive care nursing staff will
administer the study medication to the study participants.
The PI and support staff will record all perioperative and
postoperative data including study-related AEs. The study
coordinator will ensure and maintain follow-up visits for
postoperative secondary outcomes. The neuroradiolo-
gists will evaluate and determine primary and secondary
outcomes of DCI and vasospasm, respectively. The clinical
research methodologist will function as the CRC, super-
vise the overall execution of the study and participate in
the writing of the protocol and manuscript.

Ethics and dissemination

The study will be conducted according to the Helsinki
Declaration,” the NIH Human Subjects guidelines and
the International Conference on Harmonization E6
Guideline for Good Clinical Practice.”’ This protocol is
written following the SPIRIT 2013 guidelines and was
approved by Ascension Providence Hospital IRB. The
results of this study will be submitted for publication
in peerreviewed journals and the key findings will be
presented at national conferences.
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