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ABSTRACT
Introduction Cerebral vasospasm (CVS) is the leading 
cause of mortality and morbidity following aneurysmal 
subarachnoid haemorrhage (aSAH). One of the recently 
implicated underlying mechanisms of CVS is inflammatory 
cascades. Specific feasibility objectives include 
determining the ability to recruit 30 participants over 24 
months while at least 75% of them comply with at least 
75% of the study protocol and being able to follow 85% of 
them for 3 months after discharge.
Methods and analysis This is a feasibility study for a 
randomised controlled trial. Eligible participants are adult 
patients who are 18 years of age and older with an aSAH 
confirmed by a brain CT scan, and CT angiography, or 
magnetic resonance angiography, or digital subtraction 
angiography who admitted to the emergency department 
within 12 hours of the ictus. Eligible subjects will be 
randomised 1:1 for the administration of either ibuprofen 
or a placebo, while both groups will concomitantly be 
treated by the standard of care for 2 weeks. Care givers, 
patients, outcome assessors and data analysts will be 
blinded. This will be the first study to investigate the 
preventive effects of a short- acting non- steroidal anti- 
inflammatory drug on CVS and the key expected outcome 
of this pilot study is the feasibility and safety assessment 
of the administration of ibuprofen in patients with aSAH. 
The objectives of the definitive trial would be to assess 
the effect of ibuprofen relative to placebo on mortality, 
CVS, delayed cerebral ischaemia, and level of disability at 
3- month follow- up.
Ethics and dissemination This study is approved by 
Mashhad University of Medical Sciences ethical committee 
(IR.MUMS.MEDICAL.REC.1398.225). Results from the study 
will be submitted for publication regardless of whether or 
not there are significant findings.
Trial registration number ISRCTN14611625.

INTRODUCTION
Background and rationale
Aneurysmal subarachnoid haemorrhage 
(aSAH) accounts for 5%–10% of all strokes 
worldwide, which approximately equals to a 
total of 600 000 new cases per year.1 Up to 

44% of such cases will die,2 and almost 20% 
of the survived ones would become disabled 
and dependent.2 Cerebral vasospasm (CVS) 
following aSAH is the leading cause of 
mortality and morbidity.3–5

The exact mechanisms of the complex 
inflammatory cascade leading to CVS is not 
well understood, and usual treatments have 
no sufficient therapeutic effects.6–9 However, 
several studies support the hypothesis that 
local and systemic inflammatory responses 
may participate in the process of CVS and its 
consequent poor outcomes. Increased plasma 
and cerebrospinal fluid level of inflamma-
tory markers, like tumour necrosis factor-α, 
and various interleukins during SAH is seen, 
and this increment is correlated with poor 
neurological outcomes.10–12 Moreover, the 
systemic inflammatory response syndrome 

Strengths and limitations of this study

 ► Rigorous trial protocol to evaluate the feasibility and 
safety of conducting a larger phase III trial to assess 
the preventive role of ibuprofen on cerebral vaso-
spasm (CVS) secondary to aneurysmal subarach-
noid haemorrhage (aSAH).

 ► Based on this feasibility pilot trial, four critical out-
comes will be evaluated in the definitive trial includ-
ing mortality, CVS, delayed cerebral ischaemia and 
level of disability at 3- month follow- up.

 ► Recruitment of eligible participants in a narrow time 
window (12- hour) after the occurrence of aSAH is 
a challenging inclusion criteria that may slow down 
the advancement of the trial.

 ► To minimise any potential bias, blinding of health-
care providers (physicians, intensive care unit nurs-
es, residents), patients, outcome assessors and data 
analysts to treatment allocation is being undertaken.

 ► Example of a low cost trial due to using a repur-
posed Food and Drug Administration approved and 
affordable agent as prophylactic therapy.
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(SIRS) is associated with poor outcomes after SAH and 
is presented in up to 63% of patients after SAH.13 14 This 
becomes an impetus to evaluate the possible effectiveness 
of anti- inflammatory medications after SAH.

Ibuprofen is one of the non- steroidal anti- inflammatory 
drugs (NSAIDs) which inhibit cyclooxygenase enzymes in 
a non- specific manner. In addition to decreasing the level 
of cytokines and prostaglandins, this drug also prevents 
the expression of two specific cell adhesion molecules, 
intercellular adhesion molecule- 1 and vascular cell adhe-
sion molecule- 1 that belongs to the immunoglobulin 
superfamily. The immunoglobulin superfamily proteins 
are upregulated in patients who develop clinical vaso-
spasm.11 Leucocyte integrins bind to these proteins on 
endothelial cells. The immunoglobulin superfamily 
proteins are necessary for leukocyte- endothelial cell 
adhesion and leucocyte migration15–17 (figure 1, online 
supplemental digital content, part 1).

Ibuprofen prevents inflammatory reactions caused by 
leucocytes with disrupting the process of migration.

Ibuprofen’s efficacy on CVS has been proven in an 
intracranial model of rabbits when its intracranial admin-
istration initiated within 6 hours after SAH, but no effect 
was observed when treatment is begun later than 12 

hours.18 As the acute phase of inflammation starts 3–4 
hours after the SAH,11 and ibuprofen is a fast- acting 
NSAID; it could prevent from binding of macrophages 
and neutrophils to the endothelial cells and entering 
the subarachnoid space; hence, reducing the intensity 
of acute phase inflammation. This inhibitory action, will 
decrease the number of trapped leucocytes dying and 
degranulating in the subarachnoid space in the next 2–4 
days11, and subsequently may reduce or prevent chronic 
vasospasm in the upcoming days of admission. Thus, the 
early administration of ibuprofen considered in this study 
might be a key to shut off the inflammatory cascade at 
the initial step (figure 1). Furthermore, in terms of side 
effects, the potential of NSAIDs to induce haemorrhagic 
stroke has been heavily dismissed by self- reports, prescrip-
tions databases and large multicentred studies.19

To date, we have found four clinical trials evaluating 
the efficacy of NSAIDs on vasospasm after aSAH, three 
of which were focused on the antiplatelet mechanism of 
aspirin.20–22 The fourth study was a placebo- controlled 
trial that assessed the preventive effects of meloxicam 
during 7 days after aSAH.23 However, no clinical data 
are available regarding the efficacy of a fast- acting oral 
NSAID for the administration in a narrow time interval 

Figure 1 Concept map depicting four major pathways for the occurrence of CVS following aSAH. Inflammatory pathway is 
shown in yellow and explains how ibuprofen may act as a prophylactic agent in this scenario. Numbers in parentheses are 
representative of corresponding reference for that branch, all concept map references are available in online supplemental 
digital content, part 1. aSAH, aneurysmal subarachnoid haemorrhage; Ca++, Calcium ion; cGMP, cyclic guanosine 
monophosphate; COX, cyclooxygenase; DAG, diacylglycerol; ETA, endothelin A; ET, endothelin; Hgb, hemoglobin; ICAM- 1, 
intercellular adhesion molecule- 1; IP3, inositol trisphosphate; LFA- 1, Lymphocyte function- associated antigen 1; Mac- 1, 
macrophage- 1 antigen; Met, metabolic; MLC 20, Myosin light chain 20; NO, nitric oxide; NO- LS, nitric oxide- like substance; 
PGF2α, prostaglandin F2 alpha; PGs, prostaglandins; PKC, protein kinase C; ROS, reactive oxygen species; SA, subarachnoid; 
TXAs, thromboxanes; TXA2, thromboxane A2; VCAM- 1, vascular cell adhesion molecule- 1.
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after the occurrence of aSAH. In the current study, we 
sought to investigate the preventive role of ibuprofen on 
the CVS secondary to aSAH and its outcomes.

Objectives
The objective of the current pilot trial is to establish the 
feasibility of a larger trial by successfully recruiting 30 
participants over a 24- month period and demonstrating 
adherence to our study protocol. Additionally, we will 
identify possible adverse events related to the adminis-
tration of ibuprofen and determine whether its adminis-
tration is superior to the standard treatment in terms of 
the prevention of CVS secondary to aSAH and its clinical 
outcomes.

Trial design
This pilot trial is a single centre, parallel randomised 1:1, 
controlled, clinical trial. Healthcare providers (physi-
cians, intensive care unit (ICU) nurses, residents), 
patients, outcome assessors and data analysts will be 
blinded to treatment allocation. We followed Standard 
Protocol Items: Recommendations for Interventional 
Trials (SPIRIT) checklist to conduct this pilot clinical trial 
protocol.24

METHODS
Subjects
Inclusion criteria
1. Adult patients who are 18 years of age and older with 

an aSAH confirmed by a brain CT scan, and CT angi-
ography, or magnetic resonance angiography, or digi-
tal subtraction angiography (figure 2).

2. Admitted to the emergency department within 12 
hours of the ictus.

3. Patients must have a World Federation of Neurological 
Surgeons score of I, II or III at the initial examination.

Exclusion criteria
1. Patients who have hypersensitivity to aspirin, ibupro-

fen or other NSAIDs.
2. Previous and prolonged use of any type of NSAIDs.
3. History of aneurysmal re- bleeding, active bleeding of a 

gastrointestinal ulcer, haemodynamic instability, preg-
nancy, and current consumption of antiplatelet agents 
such as clopidogrel and aspirin.

4. Patients with history of myocardial infarction or percu-
taneous coronary interventions.

Outcome measures and follow-up
The goal of the current pilot trial is to establish the 
feasibility of a larger trial by successfully recruiting 30 
participants over a 24- month period and demonstrating 
adherence to our study protocol. Based on the effect esti-
mates coming out of this pilot study, we will calculate a 
proper sample size for the definitive trial. Specific feasi-
bility objectives include determining:
1. Our ability to recruit 30 participants over 24 months.
2. Our ability to follow 85% of participants for 3 months.

3. Whether at least 75% of participants comply with at 
least 75% of the study protocol.

Objectives for the definitive trial
The primary research objective is:

To determine the effects of ibuprofen versus placebo 
on the rate of all- cause mortality.

The secondary research objectives are:
1. To assess whether the administration of ibuprofen in 

patients with aSAH, could prevent the occurrence of 
CVS vs placebo.

2. To determine the effects of ibuprofen versus place-
bo on the occurrence of delayed cerebral ischaemia 
(DCI).

3. To elucidate the effects of ibuprofen versus placebo on 
the level of disability based on modified Rankin Scale 
at discharge and 3- month follow- up.

Figure 2 Step- by- step flow diagram of the study. 
aSAH, aneurysmal subarachnoid haemorrhage; CTA, CT 
angiography; DCI, delayed cerebral ischaemia; DSA, digital 
subtraction angiography; GCS, Glasgow coma scale, MRA, 
magnetic resonance angiography; mRS, modified Rankin 
Scale; NIHSS, National Institutes of Health Stroke Scale; 
NSAIDs, non- steroidal anti- inflammatory drugs; q6h, every 6 
hours; TCD, Transcranial Doppler; WFNS, World Federation 
of Neurological Surgeons.
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Study description
The patients will be hospitalised for at least 14 days 
because the maximum inflammation in the subarachnoid 
space occurs between days 9 and 14. Based on our institu-
tional protocol for the management of SAH, nimodipine 
60 mg every 4 hours for 21 days, appropriate fluid therapy 
and phenytoin will be administrated for all patients, and 
microsurgical aneurysmal clipping in patients presenting 
with large (>50 mL) intraparenchymal haematomas and 
middle cerebral artery aneurysms, or interventional 
coiling will be performed for elderly (>70 years of age) 
patients, in those presenting with poor- grade aSAH, and 
in those with aneurysms of the basilar apex.25

In the ibuprofen arm, eligible patients (online supple-
mental digital content, part 2) will receive ibuprofen 
capsules 400 mg/every 6 hours for 14 days, added to 
standard treatment (figure 3). Manufactured ibuprofen 
capsules will be administered orally in the interven-
tion group. This dosage is an anti- inflammatory dose 
of ibuprofen and is placed in the middle of the thera-
peutic window of this drug. In the control group, placebo 
capsules that are manufactured identical to the ibuprofen 
capsules in terms of colour, size and shape; will be ordered 
in the same way as the intervention group. In subjects 
who are lethargic or have impaired consciousness, medi-
cation and placebo will be administered through enteral 
tube. The criteria for the evaluation of vasospasm and the 
scales used for assessing disability are discussed in online 
supplemental digital content, part 3.

Randomisation and allocation
To protect the blinding and integrity of the study 
(online supplemental digital content, part 4), a statisti-
cian who is not affiliated to the research team develops 
the randomisation plan. The statistician will generate 
a permuted block randomisation table using an online 

random sequence generator with an allocation list in 
random order. The allocation ratio is 1:1. An indepen-
dent investigator allocates participants into two groups. 
The allocator uses an online computer- based randomi-
sation programme (http://www.randomization.com) 
to randomise permutation.26 In the first step, the stat-
istician uses  Randomization. com’s pseudo- random 
number generator of Wichmann and Hill (1982) as 
modified by McLeod to specify a treatment (A or B) 
to each participant file numbered 1–30. In the second 
step, an independent investigator will provide a random 
permutation of all of the integers from the smallest to 
the largest by the programme. The independent inves-
tigator gives a file to each participant by the order 
provided in the previous step. The allocator will pick up 
a covered, sealed envelope from a box in which sequen-
tially numbered envelopes are shuffled. Patients will 
receive drug A or B according to the method of alloca-
tion mentioned above.

Sample size
Our sample size is based on the confidence interval (CI) 
around the proportion of complete follow- up. We will 
consider the pilot successful if we achieved at least 85% 
follow- up at 3 months for our primary trial outcomes. 
If 29/30 participants achieve successful follow- up, the 
lower boundary of the 95% CI will be above 85%, and 
we will consider the trial feasible. If less than 22/30 
achieve complete follow- up, the upper boundary of the 
CI will be below 85%, and we will consider the trial unfea-
sible. Therefore, if between 22 and 29 out of 30 patients 
complete a 3- month follow- up, the feasibility of the trial 
will remain uncertain; however, we will consider this 
satisfactory.

Figure 3 Timeline of the study. aSAH, aneurysmal subarachnoid haemorrhage; CTA, CT angiography; DSA, digital subtraction 
angiography; MRA, magnetic resonance angiography; mRS, modified Rankin Scale; q6h, every 6 hours; TCD, transcranial 
Doppler; WFNS, World Federation of Neurological Surgeons.
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Data management and statistical analysis
The analysis and reporting of results will follow the 
Consolidated Standards of Reporting Trials (CONSORT) 
guidelines for reporting of randomised pilot and feasi-
bility trials.27 Data will be collected on forms and archived 
in a password- protected encrypted electronic database. 
All recruited and randomised patients will be included in 
the analysis. Data analysis will be performed by a blinded 
investigator with treatment groups coded as A and B. All 
data collected will be summarised for reporting purposes 
using descriptive statistics.

Feasibility analysis (primary)
Data will be collected on forms and archived in a 
password- protected encrypted electronic database. Point 
estimates of recruitment and feasibility events, including 
adherence to protocol and follow- up rate at 3 months, 
will be presented as proportions with 95% CIs. The pilot 
study results will be evaluated to identify recruitment 
issues, data management issues and inform anticipated 
follow- up rates.

Efficacy analysis for definitive study (secondary)
We plan to include the data from our pilot in the defin-
itive trial if we can demonstrate feasibility, assuming no 
important changes to our patient population, interven-
tion or outcome measures. All patients enrolled in the 
trial and randomised will be included in the analysis, 
regardless of the level of adherence to the intervention 
or any other deviation from the protocol. Due to the low 
power of the pilot study, we will report the descriptive 
results for all efficacy- related and harm- related outcomes. 
We will not complete any subgroup, sensitivity or interim 
analysis due to the small sample size.

Quality assurance
The principal investigator along with a member of insti-
tutional ethics committee will systematically monitor and 
evaluate the various aspects of project to ensure stan-
dards of quality are met. Standards of quality include 
Good Clinical Practice Guidelines, Ethical Conduct for 
Research, study protocol and institutional policies. All 
investigators will participate in a training session before 
the commencement of the study to ensure about the 
consistency of data collection and study procedures. Data 
will be managed in a secured computer system by a dedi-
cated neurosurgery resident under the supervision of the 
principal investigator. In case of any doubt or uncertainty 
about data forms, the site investigators will be informed.

Also, for further assurance, multiple checkpoints are 
defined during the trial, including the presence of signed 
informed consents obtained by the neurosurgery resi-
dents, respect of the inclusion and exclusion criteria, 
appropriate and instant reporting of any adverse events 
and the monitoring of all steps of the follow- up. All the 
files and data will be sealed and archived in a secure place 
at the end of the trial, once the final analysis is completed.

Trial status
The trial is in the recruitment phase and patient enrol-
ment is planned to be completed in April 2022, and the last 
recruited patient will be due for final outcome assessment in 
July 2022.

Safety considerations
Concerning complications of NSAIDs, patients are classified 
into three categories: low, moderate and high risk.28 Low- risk 
patients are younger than 65 years without any cardiovascular 
risk factors. Moderate- risk patients are those 65 years of age or 
older without a history of gastrointestinal ulcer and had mild 
cardiovascular risk factors. Patients who are over 65 years old 
who have kidney or liver diseases or hypertension, having 
a history of a gastrointestinal ulcer or multiple gastrointes-
tinal risk factors, history of cardiovascular diseases, as well as 
having a history of heart failure are considered as a high- risk 
patient.28 In the first group, routine care will be provided. 
Pantoprazole is administered in the moderate- risk and high- 
risk group along with ibuprofen. We strictly monitor blood 
pressure as a part of our routine management of all patients 
in ICU. Moreover, urea, creatinine and electrolytes (sodium 
and potassium) of moderate- risk patients will be measured 
every 3 days, while the same tests will be requested for the 
high- risk group every day.28 Administration of the study drug 
ceases if any serious adverse events happen or adverse effects 
prevent the tolerability of the ibuprofen (online supple-
mental digital content, parts 5 and 6) or the patient wishes 
to withdraw the consent before the study ends.

Based on the recommendation of extension of the 
CONSORT statement on better reporting of harms in 
randomised trials,27 29 we will collect and appropriately 
report all good and bad events and outcomes so that they 
may be compared across treatment groups. Also, according 
to the same statement, the balance of benefits and harm will 
be discussed in the final publication of the pilot trial. In addi-
tion, for assessing the severity of adverse events (including 
clinical and laboratory abnormalities) and grading them 
among the participants, we will use the Table for Grading 
the Severity of Adult and Pediatric Adverse Events.30 Four 
comprehensive sections regarding the management and 
reporting adverse events are provided in the online supple-
mental digital content, parts 5, 6, 7 and 8.

Follow-up
The clinical team will do in person follow- up with the 
patients every day for any adverse events during initial 
admission and weekly for the first 3 weeks if discharged. A 
3- month in- person visit or phone interview is arranged for 
the assessment of disability outcomes and possible adverse 
events. Contact information will be available for the enrolled 
patients for questions or possible adverse event reports 
during the study period.

Expected outcomes of the study
The key expected result of this pilot study is the feasibility 
and safety assessment of the administration of ibuprofen 
in patients with aSAH. The objectives of the definitive 

https://dx.doi.org/10.1136/bmjopen-2021-058895
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trial are mentioned in the methods section. During the 
pilot trial, we will collect information on all outcomes for 
the definitive trial.

Duration of the project
This project is scheduled to last 24 months. The first patient 
recruited in June 2020 and the last one is planned to be 
included by April 2022, the end of the follow- up period for 
the last patient would be in July 2022.

Project management
Principal investigator: Oversight of all study procedures 
and managing the relations with the source of funding.

Research scientist: Study design, drafting of the 
proposal, randomised controlled trial registration and 
drafting of the manuscript.

Study coordinator: Blinding, randomisation of the 
participants, organising datasheets and coordinating 
members of the team.

Neurosurgery residents: Check patients’ eligibility, 
consenting, assessing clinical DCI, diagnosing and 
managing of the adverse events, order Transcranial 
Doppler (TCD), and ibuprofen.

Neurologist: A clinical stroke fellow will do the TCD.
Statistician: Assistance regarding study design, revising 

the manuscript and data analysis.

Ethics and dissemination
This study is approved by Mashhad University of Medical 
Sciences (MUMS) ethical committee (IR.MUMS.
MEDICAL.REC.1398.225). Written informed consent will 
be obtained from the eligible patients or next of kin for 
enrollment to the study.

Dissemination policy
Results from the study will be submitted for publication 
regardless of whether or not there are significant findings. 
Every attempt will be made to ensure that the amount of 
time between completing data collection and the release 
of study findings is minimised. The Methods Centre will 
also be responsible for reporting required results on the 
ISRCTN registry.

Patient and public involvement
Patients and public were not involved in this study.

DISCUSSION
CVS is a common devastating complication of the aSAH. 
Pharmacological management of this clinical problem is still 
a controversial issue.

We have found some pieces of evidence through in vitro,31 
animal18 32 and human33 34 studies indicating that some 
NSAIDs might be a promising choice to be used as a repur-
posing approved agent for the prevention of CVS secondary 
to aSAH.

In a propensity score- matched analysis study by Nassiri 
et al,33 consumption of NSAIDs with various therapeutic 
indications was assessed in patients with aSAH. Results 

demonstrated a reduction in mortality and improved func-
tional outcomes.24 These effects were independent of the 
development of DCI or vasospasm. Furthermore, patients 
treated with NSAIDs had reduced ICU and hospital stay. The 
authors hypothesised that inflammation may have a critical 
role in development of poor outcomes (disability and death) 
after aSAH and patients with aSAH may find some benefit 
from NSAIDs.

A large, high- quality trial is needed to establish whether 
adding ibuprofen to standard treatment effectively reduces 
vasospasm after aSAH. Such a trial poses fundamental chal-
lenges for methodological design as well as complexities 
of execution. Thus, a prerequisite pilot trial is required to 
justify if the preliminary plan can be implemented in a larger 
definitive trial.

Ibuprofen is a Food and Drug Administration- approved 
anti- inflammatory medication; however, using it in a new 
clinical condition as a repurposing approved agent to 
prevent CVS requires further evaluation. Since there is no 
previous phase III trial for this purpose, we planned to run 
feasibility pilot study before the definitive trial.
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