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Abstract 

Background  In severe traumatic brain injury (TBI), sedatives are often used to control intracranial pressure (ICP), 
to reduce brain metabolism, to allow for other treatments such as mechanical ventilation or targeted temperature 
management, or to control paroxysmal sympathetic hyperactivity. Prolonged sedation is often necessary. The most 
commonly used sedatives in TBI are propofol and midazolam, often in combination, but both have significant side 
effects when used at high doses for several days. Ketamine, an N-methyl-D-aspartate (NMDA) receptor antagonist, 
provides sedation and analgesia with minimal respiratory depression or haemodynamic instability. However, ketamine 
carries a US Food and Drug Administration (FDA) precaution regarding its use in patients with pre-anaesthetic elevated 
cerebrospinal fluid pressure, which discourages its use in TBI patients. Several observational studies and two large 
meta-analyses do not suggest that the use of ketamine as an induction agent or sedative in sedated and mechanically 
ventilated TBI patients would increase the ICP. Off-label use of ketamine for this indication is increasing worldwide. To 
date, no prospective randomized clinical trial (RCT) has demonstrated the safety of ketamine in TBI patients.

Methods  The Brain Injury and Ketamine (BIKe) study is a prospective multicentre double-blind placebo-controlled 
RCT, to evaluate the safety, and effect on therapeutic intensity to reduce ICP, of ketamine as an adjunct to a standard 
sedation regimen in patients with severe TBI. Adult TBI patients, admitted to the intensive care unit (ICU), requiring 
sedation and ICP monitoring within 72 h of admission, will be randomized to ketamine or placebo. The study drug 
will be started within 6 h of randomization. The dose of the investigational medicinal product (IMP) is 1 mg/kg/h, 
by continuous infusion. The IMP will be stopped when the last ICP control sedative is discontinued. Data collection 
will stop when the patient is discharged from the ICU. All patients will be followed for 6 months post-trauma. The 
study is powered for the safety endpoint of detecting a clinically relevant increase of two episodes in the median 
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number of episodes of high intracranial pressure episodes per ICU stay. A total of 100 patients are required to meet 
these objectives. We hypothesize a clinically relevant reduction in the therapeutic intensity level (TIL) score of at least 
3 points.

Discussion  This study is the first prospective RCT to investigate the safety of ketamine as an adjunct to a standard 
sedation regimen in TBI patients.

Trial registration  ClinicalTrials.gov NCT05097261. Registered on October 28, 2021.

Keywords  Brain injury, Traumatic wounds, Ketamine, Cranio-cerebral trauma, Central nervous system, Analgesics

Introduction
Background and rationale {6a}
Patients with severe traumatic brain injury (TBI) are 
not only sedated for general indications such as pain 
relief, or anxiety control. In these patients in particu-
lar, sedatives are used for specific therapeutic indica-
tions and potential neuroprotective effects: reduction 
of brain energy expenditure, reduction of ICP, control 
of seizures, targeted temperature control, control of 
PaCO2 by mechanical ventilation; or to treat paroxys-
mal sympathetic hyperactivity [1, 2]. Midazolam and 
propofol are the most used sedatives in TBI, but both 
have major drawbacks with prolonged use at higher 
doses [2]. Midazolam has antiepileptic properties and 
reduces cerebral metabolism and intracranial pressure 
(ICP), but to a lesser extent than propofol. With long-
term use, the kinetics of midazolam become unpredict-
able, leading to delayed awakening, which complicates 
early neurological assessment [2, 3]. In addition, benzo-
diazepines are associated with an increased incidence 
of brain dysfunction and delirium with prolonged infu-
sion [4]. In comparison, propofol has a more predictable 
pharmacokinetic profile, but causes profound adverse 
haemodynamic effects at higher doses and can lead 
to the often fatal propofol-related infusion syndrome 
(PRIS) [2, 5].

Ketamine is an N-methyl-D-aspartate (NMDA) recep-
tor antagonist that produces sedation with minimal res-
piratory or haemodynamic effects. In the early 1970 s, 
ketamine was banned for use in TBI, following the pub-
lication of two small, non-randomized case series that 
observed an increase in cerebrospinal fluid pressure after 
ketamine injection in spontaneously breathing patients 
[6, 7]. A systematic review examined the effect of keta-
mine on ICP in TBI patients and found “Oxford level 
2b, GRADE C evidence that ketamine does not increase 
ICP in severe TBI patients who are sedated and venti-
lated, and may even decrease ICP in selected cases” [8]. 
Several clinical and experimental studies have suggested 
the potential neuroprotective effects of NMDA recep-
tor blockade with ketamine. First, it could reduce the 

excitatory amino acid response, and decrease glutamate 
excitotoxicity, which may prevent calcium-mediated neu-
ronal cell death [9, 10]; second, cortical spreading depo-
larizations, a pathological electrical activity indicative 
of energy failure in the cerebral cortex, can be stopped 
by ketamine administration [11, 12]; third, ketamine 
has been shown to reduce neuroinflammation [13]. 
Currently, off-label use of ketamine in TBI patients is 
widespread [1], although to date, there has been no pro-
spective randomized clinical trial (RCT) demonstrating 
the safety of ketamine use in TBI patients.

The Brain Injury and Ketamine (BIKe) trial is the first 
prospective placebo-controlled RCT to investigate the 
safety and effect on therapeutic intensity for ICP control 
of using ketamine as an adjunct to a standard sedation 
strategy in TBI patients.

Objectives {7}
The primary objective of the BIKe study is to demon-
strate the safety of ketamine as an adjunct to a standard 
sedation regimen in patients with severe TBI. The null 
hypothesis is that the addition of ketamine to a stand-
ard sedation regimen in severe TBI will not increase 
ICP and will reduce the therapeutic intensity of ICP-
lowering treatment. The safety endpoint is the number 
of episodes of intracranial hypertension, defined as ICP 
elevations > 22 mmHg for > 25 min. The ICP threshold 22 
mmHg is in accordance with the current guidelines of the 
Brain Trauma Foundation [14]. The duration of 25 min 
is derived from the data of the study of Guïza et al. that 
demonstrated that an ICP above 22 mmHg, for longer 
than 25 min is associated with a worse GOS score at 
6 months [15].

The efficacy endpoint will be measured by the thera-
peutic intensity level (TIL) score, based on the highest 
score in each item per day until study drug discontinu-
ation. The clinical significance of a 3-point reduction in 
the TIL score is a reduction in the sedation score of the 
TIL score [16].

Secondary objectives are specified below and include 
duration and dose of sedation, incidence of ICU delirium, 
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incidence of PRIS, duration of mechanical ventilation 
and need for tier 3 therapies (barbiturate coma, second-
ary decompressive craniectomy or hypothermia) [17] for 
elevated ICP. Subgroup analyses are performed for centre 
effects, radiological lesion types defined by the Marshall 
score, isolated TBI versus polytrauma and age with sam-
ple mean as cut-off.

Trial design {8}
The BIKe study is a phase 4, multi-centre, prospective, 
randomized, placebo-controlled double-blind clinical 
trial to evaluate the safety of ketamine as an adjunct to a 
standard sedation regimen in TBI patients conducted in 
Belgium. This is the first study to evaluate the safety and 
efficacy of adding ketamine to a standard sedation regi-
men for severe TBI. The safety endpoint is the number 
of episodes of elevated ICP, and the efficacy endpoint is 
the TIL score. Both endpoints will be collected and ana-
lysed on a daily basis, until the end of ICP monitoring 
and treatment. The study drug will be discontinued when 
all sedatives for ICP treatment are discontinued. Our 
hypothesis is that in the intervention group (ketamine 
group) there will be a decrease in the sedation score and 
no increase or possible decrease in ICP.

Patients will be randomized 1:1, in blocks of 4 patients, 
with one stratification per centre. Physicians, nurses, 
families and patients will be blinded to the treatment 
allocation.

Methods: participants, interventions and outcomes
Study setting {9}
The study is conducted in 8 Belgian hospitals, both 
university and non-university hospitals. The partici-
pating study centres are listed on clinicaltrials.gov 
(NCT05097261).

Eligibility criteria {10}
Inclusion criteria:

All adult TBI patients (> 18 years of age) admitted to 
the ICU with ICP monitoring (parenchymal probe, exter-
nal ventricular drain or both), requiring sedation within 
72 h of initial hospital admission.

Exclusion criteria:

•	 Known pregnancy and/or lactation
•	 Imminent or actual brain death upon inclusion
•	 Allergy or intolerance to the study medication
•	 Pre-existing neurocognitive disorders, pre-existing 

congenital or non-congenital brain dysfunction
•	 Inability to obtain informed consent

•	 Inclusion in an IMP-RCT of which the PI indicates 
that co-inclusion specifically in the BIKe study is pro-
hibited

•	 Therapy restriction code upon inclusion
•	 Porphyria
•	 Glaucoma

Who will take informed consent? {26a}
Written informed consent will be obtained by the prin-
cipal investigator, sub-investigator or their designee 
(ICU physician) after admission to the ICU within 48 
h of meeting the inclusion criteria. Consent to partici-
pate in the study will be obtained from a legal repre-
sentative/close relative, as the patient is unable to give 
consent. The consent form includes a summary of the 
study in layman’s terms, the study design, procedures, 
additional surveys (questionnaire 6 months after TBI), 
risks, benefits, and information about the study medi-
cation (side effects), … as well as details about data 
management, ethics committee approval, insurance 
and contact details of the investigators. This form 
will be explained to the patient’s next of kin before it 
is signed. The informed consent form (ICF) includes 
an opt-out option to be confirmed when the patient 
regains consciousness and mental capacity and does 
not wish to participate. A copy of the ICF is given to 
the next of kin.

Additional consent provisions for collection and use 
of participant data and biological specimens {26b}
No additional laboratory tests outside the clinical rou-
tine will be performed. No other investigations will be 
carried out.

Interventions
Explanation for the choice of comparators {6b}
The comparator in this double-blind, randomized trial 
is a placebo. We chose sodium chloride 0.9% solution 
(NaCl 9  mg/ml). This is an inactive substance that is 
commonly used as a placebo and has no systemic or 
neurological effects that could influence the outcome of 
this trial. NaCl 9 mg/ml is indistinguishable from keta-
mine: it is colourless and odourless and has no distin-
guishing features compared to ketamine.

Intervention description {11a}
After obtaining informed consent, patients are ran-
domized to the intervention (ketamine) or placebo 
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group. Within 6 h of randomization, study medication 
is started at 1 mg/kg/h (ketamine) or 0.02 ml/kg/h (pla-
cebo), with a maximum dose of 120 mg/h or 2.4 ml/h. 
Ketamine is administered undiluted, by continuous 
infusion; as is the placebo, both at the infusion rate of 
1 mg/kg/h or 0.02 ml/h in both randomized arms. The 
study drug is prepared by healthcare professionals who 
are not involved in the care of the study patients. Study 
medication will be stopped when the last sedative to 
control the ICP is discontinued. No open-label use 
of ketamine is allowed during the study, i.e. until dis-
charge from hospital.

Criteria for discontinuing or modifying allocated 
interventions {11b}
The study drug is discontinued when all sedatives for 
ICP control are discontinued. If a combination of seda-
tives is used, the study drug is stopped when the last 
sedative for ICP control is discontinued. If the study 
drug is stopped and the patient requires re-sedation 
for ICP control or other indications, the study drug will 
not be restarted.

The study drug will always be discontinued in the fol-
lowing circumstances:

•	 If a barbiturate coma is induced.
•	 If the therapy restriction code is initiated.
•	 If liver failure occurs, without a clearly identifiable 

cause and/or if metabolism of the IMP is likely to be 
impaired.

•	 If haemorrhagic cystitis (cystitis with macroscopic 
haematuria) occurs.

•	 If a serious adverse event or serious adverse reaction 
occurs, the sponsor will evaluate causality. If causality 
is established, the study drug will be stopped.

•	 If a patient withdraws consent for this study after 
regaining the capacity to consent, data collection will 
be stopped. The data collected to date will be retained 
and used for data processing, as an informed con-
sent has been obtained from the next of kin since the 
start of the study. These patients will not be replaced. 
If the next of kin wishes to withdraw a patient who 
has previously consented before the end of the inter-
vention, all data collection will be stopped, and the 
patient will be replaced.

The termination of the study will be justified and doc-
umented in the electronic case report form (eCRF) and 
source documents.

Strategies to improve adherence to interventions {11c}
All ICU nurses and ICU physicians have received addi-
tional training specifically for this study. All study medi-
cation will be administered by trained ICU nurses. The 
compliance to the study protocol is monitored daily by 
clinical trial assistants (CTAs).

Relevant concomitant care permitted or prohibited 
during the trial {11 d}
The use of open-label administration of ketamine is not 
allowed during the course of the study, i.e. until discharge 
from hospital. A warning will be included in each study 
patient’s electronic health record.

Provisions for post‑trial care {30}
If the null hypothesis is accepted, ketamine can be used 
safely as part of a sedation regimen in patients with 
TBI. Ultimately, this may lead to a reconsideration of 
the precautions and warnings for the use of ketamine 
in patients with increased cerebrospinal fluid pressure. 
Further clinical studies will be needed to investigate a 
potential clinical benefit or neuroprotective effect. In 
accordance with Belgian and European legislation, the 
sponsor has a liability insurance covering all damages 
suffered by patients as a result of their participation in 
the study and directly or indirectly related to their par-
ticipation in the study.

Outcomes {12}
The primary efficacy outcome is a clinically relevant 
reduction in the TIL score of at least 3 points. The pri-
mary safety outcome is the observation of a clinically rel-
evant increase in the median number of episodes of high 
intracranial pressure per ICU stay by two episodes com-
pared to the control group.

The study drug will be discontinued when all sedatives 
for ICP treatment are discontinued.

Secondary endpoints include:

The mean of each hour validated ICP (mmHg), meas-
urements per 24 h
Total duration of the initial period of sedative treat-
ment, defined as the start of the first infusion of 
propofol, midazolam and/or dexmedetomidine until 
the cessation of the last continuous infusion of either 
propofol, midazolam, opioids and/or dexmedetomi-
dine, last sedative to control ICP
Total duration of mechanical ventilation (days), 
defined as all types of ventilation where positive end 
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expiratory pressure is applied, expressed in cmH2O 
(5 cmH2O minimum)
Total dose of propofol in mg per 24 h
Total dose of midazolam in mg per 24 h
Length of stay in ICU (days): end of stay is defined 
as application for discharge in the hospital medical 
record system
Length of stay in hospital (days) defined as day of dis-
charge in the hospital
Mean daily Richmond Agitation-Sedation scale 
(RASS)
Number of delirium-free days, assessed 3 times daily 
with the Intensive Care Delirium Screening Checklist 
(ICDSC) score or Confusion Assessment Method for 
the ICU (CAM-ICU)
Extended Glasgow Outcome Scale (GOSE) 6 months 
after TBI onset
ICU mortality
In-hospital mortality
Incidence of barbiturate coma, duration of barbitu-
rate coma and daily dose barbiturates (mg)
Incidence of decompressive craniectomy
Incidence of PRIS documented and diagnosed by the 
attending physician and defined as:

◦ Cardiac manifestations, not explainable by a coro-
nary ischemic event:

✓ Acute refractory bradycardia leading to asystole, 
or
✓ Electrocardiogram (ECG): widening of QRS-
complex, or Brugada-syndrome:

Patterns (particularly Type 1: Coved ST-segment 
elevation > 2mm in > 1 of V1-V3 followed by a 
negative T wave), or ventricular tachy-arrhyth-
mias

◦ Combined with one or more of the following fea-
tures:

✓  Unexplained metabolic acidosis (base deficit 
> 10 mmol/L)
✓  Rhabdomyolysis (creatinine kinase at least 
five times the upper limit of normal)
✓ Hyperlipidaemia (triglyceride levels > 150 mg/
dl)

✓ Enlarged or fatty liver, apparent on CT or ech-
ography

◦  All occurring in patients receiving propofol for 
> 24 h
◦ Diagnosed by the attending physician

Participant timeline {13}

Within  
72 h of  
admission  
to the  
hospital

Within 
48 h after 
screening

Continuously 
until end of 
sedation

Daily 
during ICU 
admission

6 months 
(± 1 month) 
post TBI 
onset

Screening 

for inclusion/

exclusion 

criteria

X

Informed 

consent 

randomiza-

tion and start 

of study 

intervention

X

Administra-

tion of IMP

X

Collect-

ing clinical 

and biochem-

ical data

X

GOSE ques-

tionnaire

X

Sample size {14}
The power calculations of this study are based on two 
previous studies of similar patient populations [18, 19] 
in which TIL distributions in 31 and 21 patients respec-
tively had maximum and average daily TIL scores (mean 
± standard deviation) of 9.9 ± 3.7 and 10.2 ± 3.9, and on 
the large multi-centre study [15] of similar patient popu-
lations in which the number of high intracranial pressure 
episodes per ICU stay was 1–5 (median–interquartile 
range).

As some correlation might exist between the primary 
efficacy and safety endpoints, a Bonferroni adjustment 
for multiple testing would be too strict. We therefore use 
the multiple testing adjustment via the step-down Holm 
method. In this scenario for two endpoints, the endpoint 
with the smallest p value test statistic is compared against 
a 2.5% alpha level, while the remaining endpoint is com-
pared against a 5% alpha level.

Regarding the primary safety endpoint, to detect a 
clinically relevant increase of two (2) episodes in the 
median number of high intracranial pressure episodes 
per ICU stay from the 1–5 (median–interquartile range) 
baseline, with 80% statistical power and 2.5% alpha 
level, 45 patients per randomization arm are necessary. 
To account for potential lack of compliance, the sample 
size in each arm is further adjusted and increased to 50 
patients, resulting in 84.9% statistical power at a 2.5% 
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alpha level. At a 5% alpha level, this would result in a sta-
tistical power of 91%.

Regarding the primary efficacy endpoint, with these 
50 patients per randomization arm at an alpha level of 
5%, a clinically relevant decrease of at least 3 points in 
the mean of the daily TIL scores during the study period 
from 10 ± 4.5 to 7 ± 4.5 can be determined with 95.4% 
power. At a 2.5% alpha level, this number of patients 
would result in 91.5% power. Here a slightly larger stand-
ard deviation of 4.5 was assumed. In addition, due to the 
sample size required to demonstrate the safety endpoint, 
the study also has statistical power above 86% at either 
2.5% or 5% alpha level to investigate a TIL score change 
of 3 points in either direction (as evaluated with a two-
sided test).

For both primary endpoints reported power calcula-
tions are for one-sided Student t-tests, where a log trans-
form was used for the comparison of medians in the 
safety endpoint as described in [20].

Recruitment {15}
All adult TBI patients requiring sedation and intracranial 
monitoring are screened for eligibility upon ICU admis-
sion up to 72 h after initial hospital admission.

Assignment of interventions: allocation
Sequence generation {16a}
The randomized numbers were generated by computer 
by the data manager. This process was blinded to the 
investigators responsible for the conduct of the study.

Concealment mechanism {16b}
After informed consent has been obtained, patients are 
randomized by the investigator, sub-investigator or their 
designees using a central computerized randomization 
tool with restricted access. This generates the treatment 
number, which corresponds to a sealed envelope contain-
ing the information about the allocated treatment arm.

Implementation {16c}
The sealed envelope will be opened by a designated mem-
ber of the study team, who is not involved in the patient’s 
care. This person will also prepare the study medica-
tion. IMP labels are provided by the sponsor (University 
Hospital Leuven). The label will contain the randomiza-
tion number, which will be needed in case of emergency 
unblinding. Access to the study medication (i.e. ketamine 
and placebo) will be controlled by the local hospital phar-
macies. All study drugs will be stored according to local 
regulations and guidelines of the Summary of Product 
Characteristics (SmPC) guidelines.

Assignment of interventions: blinding
Who will be blinded {17a}
All persons involved in the daily care of the study patient 
are blinded to the intervention arm of the study. The 
patient and family are also blinded to the study arm.

Procedure for unblinding if needed {17b}
In an emergency, patients may be unblinded by the treat-
ing physician. Sealed unblinding envelopes with the rand-
omization number on the outside, indicating the patient’s 
allocation to the study arm, will be available in the ICU 
for this purpose.

Data collection and management
Plans for assessment and collection of outcomes {18a}
Data will be collected daily from each hospital’s elec-
tronic medical record (EMR) by trained clinical Trails 
assistants (CTAs) and entered into an electronic case 
report form (eCRF). This system is centrally installed and 
accessible via a login for each participating centre. Labo-
ratory data are electronically imported in the eCRF. The 
GOSE follow-up 6  months after TBI onset will be con-
ducted by the CTAs or the treating physician, who will be 
unaware of the patient’s treatment allocation. Patients or 
their next of kin will be contacted by telephone to com-
plete the questionnaire.

Plans to promote participant retention and complete 
follow‑up {18b}
If a patient withdraws consent for this study after regain-
ing the capacity to consent, data collection will be 
stopped. The data collected to date will be retained and 
used for data processing, as informed consent has been 
obtained from the next of kin since the start of the study. 
These patients will not be replaced. If the next of kin 
wishes to withdraw consent before the end of the study, 
data collection will be stopped, and the patient will be 
replaced. Due to the nature of the study, loss to follow-up 
for the primary endpoint (reduction in cumulative TIL 
score) and safety endpoint (number of intracranial pres-
sure episodes) is expected to be minimal. All patients will 
be contacted by CTAs or physicians by telephone for the 
6-month follow-up visit to complete the GOSE.

Data management {19}
All data is stored in an eCRF, enabling secure and Gen-
eral Data Protection Regulation (GDPR) complaint han-
dling of complaint data. The trial data manager performs 
extensive consistency checks on the data received. An 
independent data monitoring committee oversees the 
trial. Due to the nature of the disease (life-threatening 
disease, high risk of disability) and the patient population 
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(patients are unable to consent to the trial), an interim 
analysis of the safety and efficacy endpoints will be per-
formed by the data monitoring committee after the 50 th 
patient is discharged from the ICU. All original records, 
such as consent forms and relevant correspondence, are 
archived at the participating centres in accordance with 
local regulations.

Confidentiality {27}
The investigator and the participating site shall treat as 
confidential all trial-related information and data dis-
closed to the participating site and/or the investigator 
during the trial and shall not disclose such information to 
any third party or use such information for any purpose 
other than the conduct of the trial. The collection, pro-
cessing and disclosure of personal data, such as patient 
health and medical information, will be subject to com-
pliance with the applicable personal data protection and 
the processing regulations of personal data (the Regu-
lation (EU) 2016/679 also known as the General Data 
Protection Regulation (“GDPR”)). The database is user 
ID/password protected, with logged access control set 
at network, directory and database level. The database 
is stored on secure servers within UZ/KU Leuven, and 
maximally protected by firewalls and login procedures 
with daily backups. All study data will be pseudonymized. 
The research team is obliged to protect the data from 
disclosure outside the research in accordance with the 
terms of the research protocol and the informed consent 
document. The subject’s name or other identifier will be 
stored separately (site file) from their research data and 
replaced with a unique code to create a new identity for 
the subject.

Plans for collection, laboratory evaluation and storage 
of biological specimens for genetic or molecular analysis 
in this trial/future use {33}
The trail will not collect and/or store of biological sam-
ples for genetic or molecular analysis.

Statistical methods
Statistical methods for primary and secondary outcomes 
{20a}
The database will be closed 9 months after inclusion of 
the last patient. The screening and inclusion lists will 
be presented in a Consolidated Standards of Reporting 
Trials (CONSORT) diagram. Discrete variables will be 
presented as percentages and frequencies (ICH epi-
sodes), while continuous variables will be presented as 
means, medians with standard deviation. Discrete var-
iables will be summarized by frequencies and percent-
ages and analysed by (exact) chi-square test or logistic 

regression analysis. Continuous variables will be sum-
marized using of means and standard deviations (SD) 
or medians and interquartile ranges as appropriate and 
as frequencies (%) N (%) for qualitative variables, and 
compared using Student’s t-test, Mann–Whitney U 
test, or chi-squared testing as appropriate. Odds ratios 
will be estimated using multivariate logistic regres-
sion analysis to determine prognostic factors affect-
ing patient outcome. ICU and hospital length of stay, 
duration of mechanical ventilation, sedation, vasopres-
sor or inotropic support and survival will be assessed 
by analysis of variance or by Kaplan–Meier analysis 
and log-rank (Mantel-Cox) significance test, as appro-
priate. All outcomes will be analysed in an uncorrected 
manner as well as (jointly) corrected for risk factors 
(GCS, age, … risk scores). A priori defined subgroup 
analyses will be performed for patients after traumatic 
brain injury (TBI).

Interim analyses {21b}
Due to the nature of the disease (life-threatening medi-
cal condition, high risk of disability) and the patient 
population (patients are unable to consent to the trial), 
an independent data monitoring committee (DMC) will 
be established. The members of this committee will not 
be involved in any aspect of the trial. They will receive 
blinded safety information. An interim analysis of the 
safety and efficacy endpoints will be performed by the 
DMC after discharge of the 50 th patient from ICU.

Methods for additional analyses {20b}
The trial was not powered for any of the secondary end-
points or for subgroup analyses. Therefore, the results of 
these analyses should be interpreted with caution. The 
study was designed to ensure complete data collection 
for the primary endpoints, so imputation for missing val-
ues will not be required. There will be subgroup analyses 
by centre, Marshall score, isolated TBI versus polytrauma 
and age with the sample mean as the cut-off.

Methods in analysis to handle protocol non‑adherence 
and any statistical methods to handle missing data {20c}
If a patient withdraws consent for this study after 
regaining the capacity to consent, data collection will 
be stopped. The data collected to date will be retained 
and used for data processing, as informed consent was 
obtained from next of kin since the start of the study. 
These patients will not be replaced. If the next of kin 
wishes to withdraw a previously consented patient 
before the end of the study, data collection will stop, 
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and the patient will be replaced. All primary endpoints 
and all but one secondary endpoint will be collected 
during hospitalization. Some secondary endpoints may 
be missing due to slight differences in the standard of 
care between the participating hospitals. The 6-month 
follow-up questionnaire will be administered at the 
follow-up visit with the treating physician. If there is 
no follow-up visit at 6  months, the patients and/or 
their relatives will be actively contacted by the CTAs by 
telephone.

Plans to give access to the full protocol, participant‑level 
data and statistical code {31c}
Data sharing will only be considered only on the basis of 
collaboration with the PIs, after evaluation of the pro-
posed study protocol and statistical analysis plan.

Oversight and monitoring
Composition of the coordinating centre and trial steering 
committee {5 d}
The Study Steering Committee with representation 
from each participating centre is responsible for the 
conduct of the BIKe study. In each centre, one lead 
investigator per unit is responsible for the training of 
bedside physicians and nurses and for the training and 
supervision of the CTAs. The CTA team in each cen-
tre ensures daily follow-up of patient screening and 
enrolment, protocol compliance and outcome data col-
lection. In the coordinating centre, the database man-
ager is responsible for maintaining the database and 
performing data quality checks. Information technol-
ogy (IT) specialists are responsible for maintaining the 
patient data management system. Regular meetings are 
held with the principal investigators and CTAs to dis-
cuss the progress of the RCT.

Composition of the data monitoring committee, its role 
and reporting structure {21a}
An independent data monitoring committee (DMC) will 
be established due to the nature of the condition: a life-
threatening condition with a high risk of disability, and 
patients are not able to give consent for this clinical trial. 
The committee will consist of 3 members, all clinicians 
with experience of clinical trials and traumatic brain 
injury. The members of the DMC will not be involved in 
any aspect of this clinical trial. An interim analysis of the 
safety and efficacy endpoints will be performed by the 
DMC after the 50 th patient is discharged from the ICU. 
Blinded safety information will be available for review by 
the DMC.

Adverse event reporting and harms {22}
TBI is an inherently high morbidity and mortality con-
dition where adverse events may occur. The time frame 
for collecting adverse events (AEs) is from the first study 
drug administration to 4  h after the last study drug 
administration. Serious adverse events (SAEs) will be col-
lected until discharge from the ICU. AEs and SAEs will 
be reported by the investigator in the eCRF. In the case 
of an SAE, the reporting investigator completes the SAE 
form in the eCRF within 24 h of learning of the event and 
notifies the sponsor of the event by mail within the same 
timeframe. The causality of each SAE will be assessed by 
the reporting investigator.

The predictability of each related SAE will be assessed 
by the sponsor. If the event is considered a suspected 
unexpected serious adverse reaction (SUSAR), it will be 
reported to the Ethics Committee, the National Compe-
tent Authority and the participating sites in accordance 
with the applicable legislation.

Following events will be reported as AE or serious 
adverse reaction (SAR):

–	 Mortality.
–	 Acute renal failure: defined by the KDIGO criteria: 

AKI 3 on serum creatinine level.
–	 Fulminant liver failure defined according to Hy’s 

Law as jaundice (bilirubin ≥ 2 upper limit of normal 
(ULN)), ALT and/or AST ≥ 3 × ULN, without find-
ings of cholestasis defined as serum alkaline phos-
phatase activity less than 2 times the upper normal, 
and no underlying chronic liver disease; in addition, 
we will register whether hepatic encephalopathy (if 
detectable) and/or coagulopathy (INR > 1.5) are pre-
sent at the same time.

–	 Ventriculitis: defined by Lozier criteria: organisms 
cultured from cerebrospinal fluid (CSF), in combina-
tion with pathologic cytological and biochemical CSF 
analysis (leucocytosis, high levels of proteins and/or 
low levels of glucose) and treated with antibiotics. 
This will be monitored until ICU discharge.

–	 Exposure during pregnancy, exposure during lacta-
tion, occupational exposure and reportable instances 
of lack of effect are also defined as serious adverse 
event.

Following events are not considered adverse events, as 
they are recorded as secondary endpoints:

–	 Barbiturate coma
–	 Decompressive craniectomy
–	 Intracranial hypertension
–	 Propofol-related infusion syndrome
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The IMP (ketamine) is an authorized drug and there-
fore reactions and events listed in the current SmPC do 
not need to be reported.

All serious adverse events must be reported to the 
sponsor immediately upon first knowledge, except for 
those for which immediate reporting is not required by 
the protocol or the current SmPC. The immediate report 
must be followed by a detailed written report. The imme-
diate report and the follow-up report shall identify the 
trial subjects by code numbers. The reports should be 
submitted to the regulatory authorities on request.

Frequency and plans for auditing trial conduct {23}
A designated member of the sponsor’s trial staff is 
assigned to source data monitoring at each centre after 
the first patient is enrolled. For this purpose, the sponsor 
and principal investigators will provide direct access to 
the eCRF, source data and study master file for monitor-
ing. During the trial, additional monitoring will be per-
formed at appropriate times to confirm proper informed 
consent procedures, compliance with protocol proce-
dures, proper adverse event reporting and follow-up, 
accuracy of data collected in the eCRF, and study drug 
information. The supplier of the IMP, ketamine (Pfizer®), 
will be informed annually.

Plans for communicating important protocol amendments 
to relevant parties {25}
Substantial changes to the protocol will be submitted as 
an amendment to the Ethics Committee and the compe-
tent authorities. This includes changes that may affect the 
conduct of the trial or the safety of the patients. This will 
be communicated to the participating centres.

Dissemination plans {31a}
The results of the study will be published in a multi-cen-
tre joint publication in a peer-reviewed scientific journal 
with data from all clinical sites involved in the study.

Discussion
Sedation is one of the key elements in the management 
of TBI and prevention of secondary injury, although it 
has significant side effects [2]. Ketamine was banned 
from the neuro ICU for decades after the publication 
of two small, observational studies and remains under 
FDA precaution for the use in patients with elevated cer-
ebrospinal fluid pressure, despite increasing clinical and 
experimental evidence of its potential neuroprotective 
effects [6–9]. The BIKe trial will randomize 100 severe 
TBI patients to either ketamine (50) or placebo (50) as 
an adjunct to a standard sedation regimen. All adult TBI 
patients, requiring sedation and ICP monitoring within 
72 h of admission, are eligible for inclusion. This will 

allow us to include patients, whose clinical situation dete-
riorates in the first days after hospitalization. Enrolment 
will be carried out by the investigators, sub-investigators 
or their deputies at the central and participating hospi-
tals after elimination of exclusion criteria. After enrol-
ment, patients will be randomized using a computerized 
application hosted by the central hospital and accessible 
to local research staff. Access to the blinded randomiza-
tion code will be restricted. IMP will be started within 6 h 
of randomization, by ICU nurses blinded to the randomi-
zation. IMP will be stopped when the ICP control seda-
tive is discontinued. A comprehensive Glasgow Outcome 
Scale will be obtained from the patient approximately 
6 months after the start of the TBI.

As these patients are unable to give their consent to this 
study, consent will be given by proxy. This may result in 
a delay in obtaining consent and includes the possibility 
that the patient, when awake, may wish to withdraw and 
not participate in the study. We have an opt-out proce-
dure for this situation. The data collected will be retained, 
as consent was given during the collection period.

The second limitation is the 72-h randomization win-
dow. This time window allows us to include patients with 
initial moderate TBI who have progressed to severe TBI. 
However, this delays the start of the study medication.

Thirdly, TBI is a very heterogeneous disease, ranging 
from an acute subdural haematoma, to diffuse axonal 
injury and contusions. This results in a variable course of 
the disease with variable duration of sedation: from 24 h 
up to more than a week. In the majority of TBI patients, 
the course of the disease and outcome are unpredictable.

Previous prospective clinical trials have used ketamine 
as one of the two main anaesthetic agents for sedation, 
at anaesthetic doses [8, 9, 21]. In our study, ketamine is 
added to a standard sedation regimen at a sub-anaes-
thetic dose, which may not be sufficient to have an effect 
on the TIL score.

Finally, the follow-up of TBI patients can be difficult 
due to the status in which they leave the hospital: return 
home, rehabilitation or coma clinic.

In conclusion, this is the first placebo-controlled study 
to investigate the safety of ketamine in TBI patients. This 
study may open up possibilities for the use in other brain 
injured patients.

Trial status
Protocol version 1.5 date 03–05–2021.

The first patients were enrolled at the central hospital 
in September 2021. In the following year, the 7 participat-
ing sites were gradually started separately. An 8 th centre 
was recently added. Currently 50 patients are enrolled. 
The study is expected to take a further 36 months to 
complete.
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