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Abstract

Background: Delayed cerebral infarction (DCI) is a major cause of death and poor neurological outcome in
patients with aneurysmal subarachnoid hemorrhage (aSAH). Direct intrathecal therapies with fibrinolytic and
spasmolytic drugs have appeared promising in clinical trials. However, access to the subarachnoid space for
intrathecal drug administration is an unsolved problem so far, especially in patients with endovascular aneurysm
securing. We investigate a therapy protocol based on stereotactic catheter ventriculocisternostomy (STX-VCS), a
new approach to overcome this problem. The primary objective of this study is to assess whether cisternal lavage
with urokinase, nimodipine, and Ringer’s solution administered via a stereotactically implanted catheter into the
basal cisterns (= investigational treatment (IT)) is safe and improves neurological outcome in patients with aSAH.

Methods: This is a randomized, controlled, parallel-group, open-label phase II trial. Fifty-four patients with severe
aSAH (WFNS grade ≥ 3) will be enrolled at one academic tertiary care center in Southern Germany. Patients will be
randomized at a ratio of 1:1 to receive either standard of care only or standard of care plus the IT. The primary
endpoint is the proportion of subjects with a favorable outcome on the Modified Rankin Scale (defined as mRS 0–
3) at 6 months after aSAH. Further clinical and surrogate outcome parameters are defined as secondary endpoints.
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Discussion: New approaches for the prevention and therapy of secondary brain injury in patients with aSAH are
urgently needed. We propose this RCT to assess the clinical safety and efficacy of a novel therapy protocol for
intrathecal administration of urokinase, nimodipine, and Ringer’s solution.

Trial registration: Deutsches Register Klinischer Studien (German Clinical Trials Register), DRKS00015645. Registered
on 8 May 2019

Keywords: Delayed cerebral infarction (DCI), Aneurysmal subarachnoid hemorrhage (aSAH), Clinical trial,
Stereotactic ventriculocisternostomy (STX-VCS), Urokinase, Nimodipine, Intracisternal lavage, Intrathecal treatment
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Introduction
Background and rationale {6a}
Aneurysmal subarachnoid hemorrhage (aSAH) results
from the rupture of an intracranial aneurysm. It
represents a medical catastrophe as it confers a high rate
of poor neurological outcome and death [1].
Secondary brain injury contributes significantly to

poor outcome [2, 3]. In contrast to brain injury incurred
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during the initial bleeding event, secondary brain injury
is potentially amenable to medical treatments. The
major mechanism of secondary brain injury is delayed
cerebral infarction (DCI) [4, 5]. Days after aSAH, blood
break-down products induce prolonged constriction of
the cerebral arteries (cerebral vasospasm, CVS) leading
to cerebral hypoperfusion and DCI [6, 7]. Owing to the
importance of CVS and DCI for the prognosis of aSAH
patients, management of CVS is the central treatment
focus after aneurysm securing.
Among current treatment options to prevent CVS, the

only one to reach level I evidence is oral administration of
nimodipine [8, 9]. However, the efficacy is limited [8].
Treatment strategies in established CVS, such as
hemodynamic augmentation and endovascular interventions,
are commonly applied in clinical practice but are not
supported by reliable evidence and come with considerable
medical risks (e.g., arterial perforations/dissections,
hemorrhagic transformation of brain infarcts, brain edema,
cardiovascular events) [10, 11]. Beyond CVS, hydrocephalus
is a common sequela of aSAH, typically caused by
subarachnoid, intraventricular, and intraparenchymal blood
obstructing the cerebrospinal fluid (CSF) pathways, with 6–
45% of patients depending on permanent CSF diversion by
shunting as a result [12]. Shunt-dependent hydrocephalus is
clearly associated with inferior functional outcomes [12, 13].
In summary, despite all efforts, prevention and therapy of
secondary brain injury are unsolved medical problems as
current treatment options are frequently ineffective.
Intrathecal therapy has been investigated as an

alternative treatment approach to interrupt the
mechanisms of secondary brain injury for over 30 years
[14]. The rationale for intrathecal administration of
fibrinolytic drugs, such as urokinase or recombinant
tissue plasminogen activator (rtPA), is to remove
subarachnoid blood clots and thus the trigger for CVS,
while spasmolytic drugs such as nimodipine target the
vessels affected by vasospasm directly. Compared to
systemically administered drugs, intrathecal delivery
brings these agents immediately into contact with their
respective target of action. Several clinical trials (mostly
non-randomized) have investigated this approach and
suggest the general feasibility, safety, and—in part—con-
siderable efficacy of direct intrathecal drug delivery [14].
However, these trials face one major shortcoming:

treatments were almost exclusively performed in
patients with clipping of the ruptured aneurysm which
provides surgical access to the subarachnoid space for
implementation of intrathecal therapy. Yet, the majority
(approx. 70%) of ruptured aneurysms today is secured by
endovascular techniques where no direct access to the
brain (e.g., for the placement of a cisternal catheter) is
present. Access routes explored so far have proven as
either ineffective (e.g., intraventricular drug

administration via an external ventricular drain (EVD)
[15]) or were associated with significant risks (e.g., drug
administration via lumbar catheters [16]). Hence,
alternative access routes to the basal cisterns of the
brain, the anatomical target region for intrathecal
treatments, are required.
To address this “access problem,” we introduced a

stereotactic neurosurgical method for catheter
implantation into the basal cisterns, stereotactic catheter
ventriculocisternostomy (STX-VCS). Based on this
method of access, we developed a sequential therapy
protocol for cisternal lavage and intrathecal drug delivery.
This approach was first applied between September 2015
and October 2016 in individual treatments in 20 patients
with aSAH in our institution, with promising results in a
retrospective analysis [17]. The access method itself,
timing of the intervention, patient selection, sequence of
application, and optimal dosing of drugs were refined to
prepare the present RCT.

Objectives {7}
The primary objective of this trial is to assess whether
sequential cisternal lavage with urokinase, nimodipine,
and Ringer’s solution administered via a stereotactically
implanted catheter into the basal cisterns (investigational
treatment (IT)) improves neurological outcome in
patients with aSAH compared to standard treatment, as
measured by the Modified Rankin Scale (mRS).
Key secondary objectives include the assessment of the

effect of the IT on rates of DCI and related
complications, its effect on further clinical and surrogate
endpoints, and its safety. Table 1 presents the secondary
objectives and endpoints in detail.

Trial design {8}
This is a mono-center, randomized, controlled, parallel-
group, open-label phase II trial. Fifty-four patients will
be randomized at a ratio of 1:1 to receive either standard
of care or standard of care plus the IT (Fig. 1).

Methods: participants, interventions, and
outcomes
Study setting {9}
Patients with severe aSAH (WFNS ≥3) will be enrolled
at the Medical Center, University of Freiburg, a large
academic tertiary care center in Southern Germany.
Patients will be recruited from the population of patients
referred to our institution.
Both groups will receive the required emergency

treatment, most notably securing of ruptured brain
aneurysm(s) by microsurgical clipping or endovascular
coiling, as soon as possible after admission to hospital, prior
to randomization, i.e., independent of trial participation.
Likewise, the decision for placement of an external
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ventricular drain (EVD) will be made as medically indicated,
i.e., as part of routine treatment outside of the trial. The
same is true for the evaluation of intracranial pressure (ICP).
In our institution, all patients with severe aSAH usually
receive invasive ICP monitoring.

Eligibility criteria {10}
Patients eligible for inclusion in this trial must meet all
the inclusion criteria and none of the exclusion criteria
listed in Table 2.

Who will take informed consent? {26a}
Written informed consent will be obtained for every
subject participating in this clinical trial. However, most
of the patients will not be able to give informed consent
initially due to the severity of the underlying aSAH.
Therefore, three different informed consent procedures
will be distinguished in this trial:

– Patient’s own informed consent
– Informed consent by the patient’s legal

representative
– Patient’s presumed consent

The patient’s own informed consent will be obtained
whenever possible. If this is not possible, consent by the
patient’s legal representative will be obtained. If neither
of the two is possible, the patient may be included based
on his/her presumed consent.
An authorized investigator will be responsible for

explaining the nature, significance, implications, expected
benefits, and potential risks of the clinical trial and
alternative treatments to the patient or his/her representative
and for obtaining written informed consent.
To include a patient into the study based on presumed

consent, the following preconditions must be met:

– The patient him-/herself is unable to provide
informed consent.

– A legal representative is not in place and cannot be
established in adequate time.

– An emergency situation as per the German
Medicines Act (section 41) is given.

As additional precautionary measures to be taken in such
a case, the patient’s presumed will must be determined, e.g.,
by consulting the patient’s next of kin. Furthermore, an
independent physician who is not involved in the trial must
be present during the discussion for determining the
patient’s presumed will.
If a patient’s trial inclusion has initially been based on

consent by a legal representative or on presumed
consent, the patient’s own written informed consent will

Table 1 Secondary objectives and endpoints

Secondary objectives Secondary endpoints

To assess the effect of the IT on
neuropsychological outcome

Neuropsychological outcome at
6 months following aSAH:
- Cognitive performance (Montreal
Cognitive Assessment)

- Health-related quality of life (SF-
36)

- Fatigue, anxiety, and depressive
symptoms (Frontal Systems
Behavior Scale, Multidimensional
Assessment of Fatigue, Hospital
Anxiety and Depression Scale)

- Post-traumatic stress disorder (Im-
pact of Event Scale–R)

Return-to-work parameters at 6
months

To assess the effect of the IT on
DCI

Rate and severity of DCI according
to the Vergouwen criteria

To assess the effect of the IT on
delayed ischemic neurological
deficits (DIND) after aSAH

Rate of delayed ischemic
neurological deficit (DIND), defined
as clinical deterioration caused
by delayed cerebral ischemia
(i.e., a new focal neurological
deficit or decline on the
Glasgow Coma Scale of 1 point
not attributable to other causes)
on days 3–21

To assess the effect of the IT on
the development of post-
hemorrhagic hydrocephalus

Rates of shunt-dependent hydro-
cephalus at 6 months following
aSAH

To assess the effect of the IT on
sonographic vasospasm

Delta mean flow velocities of
both middle cerebral arteries—
measured by transcranial Doppler
ultrasonography on days 3–21

To assess the effect of the IT on
the need for endovascular
interventions for the treatment of
cerebral vasospasm

Rate of endovascular
interventions for the treatment of
cerebral vasospasm

To assess the effect of the IT on
the course of intensive care
therapy

Key parameters of intensive care
medicine (Sequential Organ
Failure Score)

To assess the effect of the IT on
morphological brain damage

Morphological brain damage at
6 months after aSAH as assessed
by MRI

To assess the effect of the IT on
further clinical and surrogate
outcomes

NIHSS score at days 3–21 and at 6
months

Key parameters of
endocrinological dysfunction

Key markers of neuronal injury
and systemic inflammation in
patient blood

Electroencephalographic
patterns as measured by
continuous EEG monitoring
during intensive care period
(exploratory endpoint)

To assess the safety of the IT Safety of IT: (serious) adverse
events related to the IT
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be obtained as soon as the patient’s condition allows for
an informed decision.

Additional consent provisions for collection and use of
participant data and biological specimens {26b}
Patients or their legal representatives will be given the
opportunity to voluntarily provide additional consent
(opt-in) for having blood samples stored in a local
biobank (see item {33} for details).

Interventions
Explanation for the choice of comparators {6b}
The safety and efficacy of the IT are to be investigated
as an add-on to the best available medical treatment as
per applicable treatment guidelines and institutional
routine.

Intervention description {11a}
Patients randomized to group 1 will receive standard-of-
care treatment for patients with aSAH according to the

Fig. 1 Study design
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European guidelines [18]. Continuous ICP monitoring
will be performed throughout aSAH treatment in order
to detect pathological increases of ICP.
Patients randomized to group 2 will receive standard-

of-care treatment plus additional IT. Essentially, the IT
consists of a sequential cisternal lavage with urokinase
for 7 days starting from randomization, then with
Ringer’s solution for another 4 to 14 days, and with
nimodipine anytime between randomization and day 21

in case of verified or suspected CVS, administered via a
stereotactically implanted catheter. Ringer’s solution will
be used as a carrier solution for the other two investiga-
tional medicinal products (IMPs), urokinase and nimodi-
pine, and as a third IMP. A graphic overview of the
therapy protocol in group 2 is provided in Fig. 2 and a
detailed dosing regimen in Table 3.
The application of the IT requires a stereotactic

neurosurgical intervention (STX-VCS) for catheter

Table 2 In-/exclusion criteria

Inclusion
criteria

1. Male or female patients aged ≥18 years and < 80 years
2. Modified Fisher grade 3 or 4
3. Cisternal/ventricular blood amount according to Hijdra score≥ 20
4. Admission WFNS grade≥ 3 (if grade 5 only with fixed dilated pupil due to raised ICP for less than 45 min)
5. External ventricular drain (EVD) in situ or indication for placement of EVD
6. Disease duration ≤96 h before randomization
7. Written informed consent, either by the patient or by the patient’s legally authorized representative
8. Cerebral aneurysm as a definitive source of subarachnoid hemorrhage
9. Patients in whom the cerebral aneurysm has been safely treated via open surgical or endovascular technique

Exclusion
criteria

1. Pregnancy
2. Surgical contraindications according to the opinion of the investigator
3. Inability to administer study medication (known allergy to urokinase or nimodipine)
4. Presence of a severe illness prior to aSAH (e.g., progressive cancer, terminal organ failure, severe neurological disorder, life
expectancy < 1 year)
5. Known and persistent abuse of medication or drugs
6. Presence of severe cerebral infarction related to the aSAH or medical procedures prior to randomization
7. Presence of intracerebral hematoma that is ≥30ml (assessed using the AxBxC/2 method) or in eloquent location prior to
randomization
8. Presence of a condition or abnormality that in the opinion of the investigator would compromise the safety of the patient
9. Known severe complications during aneurysm securing (e.g., dissections of blood vessels, vessel occlusions, re-hemorrhage)
10. Clinical signs of brain stem/midbrain compression (dilated pupil not reacting to light) persisting for more than 45min at any
time between aSAH onset and randomization
11. Persons who are in a relationship of dependence/employment with the sponsor or the investigator
12. For MRI follow-up: cardiac pacemaker and/or cardiac defibrillator. Stent implantation within the last 6 weeks prior to MRI,
claustrophobia

Fig. 2 Therapy protocol in group 2
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placement after aneurysm securing and randomization (on
day 2 ± 2, usually day 2 or 3, ≤96 h after aSAH). Pre- and
postoperative imaging (cCT) will be performed for the
planning of surgery, verification of appropriate catheter
position, and ruling out postoperative complications.
The STX-VCS procedure has been described in detail

elsewhere [17, 19]. In the present clinical trial, the STX-
VCS catheter is used for infusion of the IMPs, thus repre-
senting the inflow tract. A separate EVD—given to every
patient with severe aSAH as a matter of clinical routine—
represents the outflow tract. Figure 3 shows a schematic
drawing of the setup during the administration of the IT.

Criteria for discontinuing or modifying allocated
interventions {11b}
Investigators must follow the protocol for administering
the IT whenever possible. However, modifications may
be permitted when the patients’ safety or well-being is
concerned. Table 4 lists the details on the modifications
that will be permitted and under which circumstances.

Strategies to improve adherence to interventions {11c}
As this is a trial involving intensive care patients,
adherence to the intervention protocols in the treatment
phase lies primarily with the investigators.

Relevant concomitant care permitted or prohibited
during the trial {11d}
Concomitant anticoagulant therapy must be
discontinued for the stereotactic procedure. Otherwise,

there are no restrictions regarding concomitant
treatment.

Provisions for post-trial care {30}
Treatment and imaging follow-up after the end of the
trial (e.g., for long-term aneurysm surveillance) will be
performed according to the trial site’s routine. Other-
wise, post-trial treatment is at the discretion of the treat-
ing physician. As given by the German Medicines
Regulation, an insurance cover exists for all trial partici-
pants for compensation to those who suffer harm from
trial participation.

Outcomes {12}
The primary endpoint is the proportion of subjects with
a favorable outcome as measured on the Modified
Rankin Scale (mRS) at 6 months after aSAH, assessed by
an independent physician. mRS will be analyzed in a
dichotomized fashion:

� Favorable, defined as mRS 0–3 (independent)
� Unfavorable, defined as mRS 4–6 (dependent/dead)

Secondary endpoints are provided in Table 1.

Participant timeline {13}
A comprehensive visit flowchart detailing all study-
related assessments and their schedule is presented in
Additional File 1.

Table 3 Dosing regimen of investigational medicinal products

Study medication Pharmaceutical form and
route of administration

Duration/regimen

Urokinase diluted in
Ringer’s solution

Intrathecal use Continuous cisternal lavage with 100 I.U. urokinase per ml Ringer’s solution at a rate of ~
50 ml/h for 7 days following implantation of the catheter, i.e., from day 2 ± 2 until day 9 ±
2 after aSAH, or until the onset of cerebral vasospasm or DIND.
Total daily dose: 120.000 I.U.
Note: urokinase administration has to be stopped when nimodipine is given.

Nimodipine diluted in
Ringer’s solution

Intrathecal use Nimodipine is given on demand in case of vasospasm (i.e., delayed ischemic neurological
deficit or mean flow velocities of any intracranial vessel > 120 cm/s on Doppler
ultrasonography). In this case, nimodipine is administered as continuous cisternal lavage
with 0.005 mg nimodipine per ml Ringer’s solution at a rate of ~ 50 ml/h. Nimodipine
infusion is performed from the onset of vasospasm to the cessation of vasospasm, at
least, however, for 24 h. If necessary, nimodipine can be administered as often as
necessary or for extended periods during aSAH treatment (up to the entire aSAH
treatment phase of this trial, i.e., up to 21 days).
Total daily dose: 6 mg.
Note: urokinase administration has to be stopped when nimodipine is given.

Ringer’s solution Intrathecal use Continuous cisternal lavage with Ringer’s solution at a rate of ~ 50ml/h, starting from day
9 ± 2 (i.e., from the end of urokinase therapy) to day 18 ± 3 after aSAH; the exact stop
date will be determined based on the investigator’s risk-benefit assessment for the indi-
vidual patient. The criteria for this assessment are risk of catheter infection, macroscopic
clearance of lavage fluid (i.e., no or minimal residual xanthochromia), and individual risk
assessment for the development of vasospasm beyond day 15, considering patient neuro-
logical status, WFNS grade, sex, age, blood amount, and course of transcranial Doppler
ultrasonographic measurements.
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Sample size {14}
The sample size calculation is based on the primary
endpoint dichotomized mRS (mRS > 3) with an expected
proportion of 50% in the standard-of-care group and
15% in the experimental treatment group. These as-
sumptions are based on the first results of individual off-
label treatments with the new procedure as described by
Roelz et al. [17, 19].
The study is planned to detect a difference between

the experimental and control groups with respect to
dichotomized mRS (mRS > 3) with a power of 80% using
the two-sided χ2 test at a two-sided significance level of
5%. The null hypothesis is rejected if the asymptotic
two-sided 95% confidence interval for the odds ratio
(control vs. experimental) does not contain one. Under
these assumptions, 54 patients are required for analysis.

Recruitment {15}
All patients with aSAH at the study site will be
screened for inclusion into the study. If a patient
appears to be eligible for the trial, written informed
consent by the patient or by his or her legal
representative will be sought. Otherwise, no specific
recruitment strategies are possible in this trial
involving emergency patients.

Assignment of interventions: allocation
Sequence generation {16a}
Randomization will be performed at a ratio of 1:1. The
randomization code will be generated using the
electronic, web-based tool randomizer.at (https://
randomizer.at/). Block randomization will be performed.
The block length will be documented separately and will
not be disclosed to the site.

Concealment mechanism {16b}
Randomization using the above mentioned service is
performed immediately before carrying out the trial
intervention and only after all screening assessments
have been performed. The service will not release any
randomization information before this time, thus
ensuring adequate allocation concealment.

Implementation {16c}
An authorized investigator will randomize any given trial
patient by logging on to randomizer.at immediately
before carrying out the trial intervention (control vs.
experimental treatment). The treatment arm assigned to
the patient will be displayed instantly on the screen and
sent by e-mail in addition.

Fig. 3 Setup of investigational treatment administration. Arrows indicate the flow direction of the lavage solution
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Assignment of interventions: blinding
Who will be blinded {17a}
Not applicable, as this is an open-label trial.

Procedure for unblinding if needed {17b}
Not applicable, as this is an open-label trial.

Data collection and management
Plans for assessment and collection of outcomes {18a}
A description and explanation of study instruments can
be found within the comprehensive flowchart in
Additional File 1.

Plans to promote participant retention and complete
follow-up {18b}
No specific plans to promote participant retention are
implemented in this trial. As this is a trial involving
intensive care patients, participant retention is usually
not an issue in the treatment phase. In surviving
patients, the experience with achieving follow-up for at
least 6 months is also very good.

Data management {19}
A professional and validated data management system
that is compliant with Good Clinical Practice (GCP) will
be used. Details on the data management system and on
measures to promote data quality are provided in
Table 5.

Confidentiality {27}
Information about trial patients will be kept confidential
and will be managed under the applicable laws and data
protection legislation. The data collected during the
study will be collected, stored, and evaluated in
pseudonymized form only, i.e., every trial participant is
assigned a study-specific pseudonymous identification
code. Only authorized trial personnel at the trial site
have access to confidential information by which the
identity of a patient can be revealed. The data collection
system uses built-in security features to prevent
unauthorized access to confidential participant
information.

Table 4 Modification of investigational treatment

Event/problem Permitted modification

Procedure-related undesired effect, i.e., attributable to physical/
mechanical effects of intrathecal fluid application

Reduction of infusion rate while maintaining the doses of the IMPs.

Undesired effect that is potentially attributable to pharmacological
effects of urokinase or nimodipine

Reduction in doses of these drugs or lavage with Ringer’s solution only.

Occurrence of intracranial hemorrhage after stereotactic catheter
implantation and administration of IMP

• Evaluation of whether hemorrhage is related to IMP administration,
related to the application procedure, or due to other causes (e.g., due to
aneurysm re-bleed, secondary aneurysm rupture, surgical procedures,
hemorrhagic transformation of cerebral infarction, spontaneous).

• Termination of urokinase and nimodipine if administration of these IMPs
is the most likely cause of intracranial hemorrhage. It will not be
recommenced until deemed safe by the investigator.

• Lavage with Ringer’s solution only if deemed safe by the investigator.
• If relatedness to IMPs considered unlikely by the investigator: evaluation
of potential benefits and risks of continuation of the IMPs; continued
administration of IMPs if benefits of continuation are assumed to
outweigh the risks.

Occurrence of raised intracranial pressure (ICP > 20 mmHg) If considered related to IT administration: termination until normalization
of ICP; continued administration of IMPs if deemed safe by the
investigator.

Occurrence of cardiac symptoms (e.g., brady- or tachycardia, arrhythmias,
electrocardiographic abnormities)

• If graded as serious and if potentially induced by the IT, administration
of the IMPs is paused immediately and may be continued with or
without dose modifications and changes in infusion rates.

• If graded as non-serious but related to the IT: continuation of IT with
dose modifications and/or changes in infusion rates.

Occurrence of headache Reduction of IMP doses and/or infusion rates if considered attributable to
the IT.

Normal route of lavage (intracranial infusion via the cisternal STX-VCS
catheter and outflow via the EVD) not possible, e.g., due to impaired
outflow

Reversed flow direction (i.e., EVD in, cisternal catheter out).

Lavage therapy not feasible at the intended infusion rate Lower infusion rate or small volume bolus lavage therapy.

Particular clinical circumstances (e.g., recurrent intracranial hemorrhage,
persisting intraventricular/intracerebral/subarachnoid blood clots,
refractory cerebral vasospasm, cerebral vasospasm lasting beyond day
21)

Recommencement and/or dose modifications of intrathecally
administered urokinase or nimodipine.
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Plans for collection, laboratory evaluation, and storage of
biological specimens for genetic or molecular analysis in
this trial/future use {33}
Blood samples will be retained and stored in a secure
place at the trial site for future analyses of potential
systemic effects of aSAH therapy. Specifically for this
purpose, a local biobank will be established at the trial
site. To this end, three blood samples per patient
(approx. 20 ml each) will be collected along with the
other trial-related blood drawings on day 2 ± 2, day 7,
and day 14. The samples will be stored at − 80 °C and
will be destroyed after 10 years. Institutional guidelines
for the maintenance, use, and destruction of samples will
be adhered to. In case specific analyses are to be per-
formed from these samples, this will be done in separate
research projects for which a separate approval from the
responsible ethics committee will be requested.

Statistical methods
Statistical methods for primary and secondary outcomes
{20a}
The effects of the experimental vs. control intervention
with respect to the primary endpoint will be estimated
in the intention-to-treat (ITT) population by logistic re-
gression. As an estimate of the effect size, the odds ratio
will be given with a corresponding asymptotic two-sided
95% confidence interval. The two-sided test on the dif-
ference between the two trial arms at significance level
5% will be based on the corresponding asymptotic two-
sided 95% confidence interval from the logistic regres-
sion model. Data should be collected regardless of the
patient’s adherence to the protocol, especially on the

clinical outcome, to obtain the best approximation to
the full analysis set. Data should also be collected on
other therapies received post-dropout. Specifically, full
details of the type of additional (non-randomized) ther-
apy given, including when and for how long it was used
and at what dose, should be collected. In case of missing
values for the primary endpoint, this will be handled by
multiple imputation [20].
Secondary endpoints will be analyzed descriptively

using regression models. Treatment effects will be
calculated with two-sided 95% confidence intervals. De-
tails will be specified in the statistical analysis plan (SAP)
which will be finalized after the end of the recruitment
period, but before the start of the final analysis.
Safety analyses will be performed in the safety set

including all patients for whom one of the treatments
was started. All safety parameters (e.g., adverse events,
laboratory assessments) will be listed by the patient and
displayed in summary tables. The adverse events (AEs)
are displayed in summary tables by treatment as follows.
The total number of AEs; the minimum, maximum,

and mean number of AEs per patient; the total number
of follow-up days (number of days in the observation
period); the number of AEs per FU-day; the number of
patients who had at least one AE; and the number of pa-
tients who stopped treatment due to AE will be given.
The incidence of AEs defined by the preferred term

(PT) according to MedDRA will be calculated as the
number of patients who experienced at least one AE
with the respective PT in the percentage of the total
number of patients in the safety population. In the
incidence tables, the PTs will be grouped by system

Table 5 Data management system

General and technical features • Name: RDE-LIGHT version 1.5
• Compliance with good clinical practice (ICH E6 GCP)
• Presence of an audit trail
• Proprietary remote data entry system based on HTML forms
• Developed, validated and maintained by the Clinical Trials Unit, Medical Center, University of
Freiburg

Additional documents to be created for more
detailed documentation

• Data management plan for details on procedures, responsibilities, etc.
• Database plan for the description of technical specifications of the database and the e-forms
(variable names, attributes, and data entry checks)

• Data validation plan
• Data management report for documentation of performance of data management and
deviations from the data management plan, if any

Additional measures to promote data quality
and integrity

• Programming of range checks for entered values at the CRF level
• Validation of the trial database and edit checks of the e-forms before any data entry is
performed

• Documented training of any data entry personnel before access to the trial database is given
• Review of the data for completeness, consistency, and plausibility using the SAS software. The
checks to be programmed will be specified beforehand in the data validation plan.

• Implementation of a query management, i.e., after running the check programs, the resulting
queries will be sent to the investigator for correction or verification of the documented data

• Validation of all programs that can be used to influence the data or data quality (e.g., data
validation programs, programs for CRF/query tracking, programs for import of RDE-LIGHT data
into SAS or for import of external data)

• Source data verification (SDV) checks by the clinical research associate (100% SDV checks for
critical data points)
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organ class (SOC) according to MedDRA. Additionally,
the incidence of AEs defined by SOC will be calculated
as the number of patients who experienced at least one
AE in the respective SOC as a percentage of the total
number of patients in the safety population.
Each table will be produced for the following AE sets:

all AEs, AEs being at least severe, serious adverse events
(SAEs), SAEs leading to death, AEs possibly related to
IMP, AEs possibly related to IMP being at least severe
(toxicity), SAEs possibly related to IMP, and SAEs
possibly related to IMP leading to death. Incidences of
AEs will be calculated with 95% confidence intervals.

Interim analyses {21b}
No interim analyses are scheduled for this trial. However,
an independent data monitoring committee (DMC)
periodically will receive an overview of the current safety
data. Individual patients may be withdrawn from the trial
if one or more of the following criteria are met:

– Withdrawal of consent on the part of the patient or
legal representative

– Adverse events (including intercurrent illnesses) which
preclude further treatment with the IMP or make
further participation in the clinical trial inadvisable

– Premature termination considered to be medically
indicated

– Pregnancy
– Significant violations of the trial protocol or lack of

compliance on the part of the patient

A treatment arm or the entire clinical trial may be
terminated prematurely if:

– Following a safety analysis by the DMC, the sponsor
or the coordinating investigator consider that the
risk-benefit ratio for trial patients has changed
significantly

– Question(s) addressed in the trial can be clearly
answered on the basis of the results of another trial
on the same subjects

– The recruitment rate is insufficient, defined as < 3
patients recruited within the first 9 months

Methods for additional analyses (e.g., subgroup analyses)
{20b}
Not applicable, no subgroup or adjusted analysis is
planned.

Methods in analysis to handle protocol non-adherence
and any statistical methods to handle missing data {20c}
Efficacy analyses will be performed primarily in the full
analysis set (FAS) according to the intention-to-treat
(ITT) principle. This means that the patients will be

analyzed in the treatment arms to which they were ran-
domized, irrespective of whether they refused or discon-
tinued the treatment or whether other protocol
violations occurred.
The analysis of the per-protocol (PP) population will

be performed for the purpose of a sensitivity analysis.
The PP population is a subset of the FAS and is defined
as the group of patients who had no major protocol vio-
lations, received a predefined minimum dose of the
treatment, and underwent the examinations required for
the assessment of the endpoints at relevant, predefined
times.
Safety analyses will be performed in the safety

population. Patients in the safety population are
analyzed as belonging to the treatment arm defined by
treatment received. Patients are included in the
respective treatment arm, if treatment was started.

Plans to give access to the full protocol, participant level-
data, and statistical code {31c}
Public access to the full protocol is granted by way of
the present publication. Participant-level data may be
made available upon reasonable request, and as far as
permitted by data protection legislation.

Oversight and monitoring
Composition of the coordinating center and trial steering
committee {5d}
The principal investigator and his deputy are responsible
for the following:

– Design and conduct of the study and general study
oversight

– Preparation of protocol and revisions
– Preparation of investigators brochure (IB)
– Publication of study reports

The Clinical Trials Unit of the Medical Center,
University of Freiburg, under the supervision of the
principal investigator, is responsible for the following:

– Project management, i.e., regulatory compliance,
preparation of submissions to competent authorities,
finance and contract management, maintenance of
trial master file, coordination of study team
meetings

– Data management, i.e., design, validation, and
maintenance of case report forms and study
database

– Pharmacovigilance, i.e., adverse event reporting to
the national competent authority

– Clinical monitoring, source data verification, and
quality management

– Planning and performance of statistical analyses
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Composition of the data monitoring committee, its role,
and reporting structure {21a}
Additionally, an independent Data Monitoring
Committee (DMC) has been established to monitor the
course of the trial, to evaluate the risk threshold and the
degree of distress for trial patients, and to give
recommendations to the sponsor regarding
discontinuation, modification, or continuation of the
trial. Data evaluated by the DMC are specified in detail
in a DMC charter which can be found in
Additional File 2.

Adverse event reporting and harms {22}
An adverse event (AE) is any untoward medical
occurrence in a patient administered any dose of a
pharmaceutical product which does not necessarily have
a causal relationship with the use of the product. An AE
can therefore be any unfavorable and unintended sign
(including an abnormal laboratory finding), symptom, or
disease temporally associated with the use of an IMP,
whether or not related to the product.
In order to monitor the conditions of the patients from

the time the patients receive the catheter implantation,
the investigator is requested to report any untoward
clinical event on the AE page of the CRF. Irrespective of
any causal relationship, all AEs spontaneously reported by
the patient or observed by the investigator will be
documented in the case report form starting from
randomization until the end of the study (month 6).
All AEs must be described by diagnosis or, if an

underlying diagnosis is not known, by symptoms or
medically significant laboratory or instrumental
abnormalities. Symptoms, medically significant laboratory, or
instrumental (e.g., electrocardiographic) abnormalities of a
pre-existing disease are not considered an AE. Occurrences
of new symptoms or laboratory or instrumental abnormal-
ities, as well as worsening of pre-existing ones, are considered
AEs. All AEs, no matter how intense, are to be followed up
by the investigator in accordance with ICH-GCP until re-
solved or judged no longer clinically relevant or, in case of a
chronic condition, until it is fully characterized.
For any AE, the following will be documented:

– Characterization of the event (diagnosis; if not
available, symptoms)

– Onset/end date
– Severity according to the common classification: (1)

mild, (2) moderate, (3) severe, (4) life-threatening/
disabling, and (5) death

– Relationship to the IMP(s) (related/not related) or to
study-specific procedures (such as stereotactic sur-
gery or intrathecal lavage)

– Serious/non-serious
– Action taken with IMP(s)

– Outcome

In this clinical trial, the following adverse events will
be pre-specified (e.g., as a drop-down menu) for docu-
mentation in the CRF:

– Delayed ischemic neurological deficit (DIND)
– DCI
– Hydrocephalus requiring shunt implantation
– Endovascular interventions for the treatment of

cerebral vasospasm
– Complications after aneurysm securing
– Intracerebral hemorrhage
– Re-SAH
– Intracerebral infection (meningitis and/or

encephalitis)
– Episodes of critically increased ICP

During each visit, it will be actively evaluated whether
one of these events occurred since the last study visit.
Serious adverse events (SAEs) are subject to additional

documentation and expedited reporting requirements as
given by German legislation. An SAE is defined as any
untoward medical occurrence that results in one or
more of the following outcomes:

– Death
– Life-threatening situation (patient is at immediate

risk of death), inpatient hospitalization, or
prolongation of existing hospitalization (excluding
those for study therapy and/or assessments,
placement of an indwelling catheter, social/
convenience admissions, respite care, elective or pre-
planned treatment/surgery)

– Persistent or significant disability/incapacity
– Congenital anomaly/birth defect
– Other medically important conditions: conditions

which, in the investigator’s opinion, may not be
immediately life-threatening or result in
hospitalization but may jeopardize the patient’s
safety or may require intervention to prevent one of
the other outcomes listed in the definition above,
may also be considered serious. Examples of such
conditions include allergic bronchospasm requiring
treatment in an emergency room or at home, unex-
pected convulsions (i.e. convulsions which cannot be
explained by the underlying illness) that do not re-
sult in hospitalization, development of IMP depend-
ency or drug abuse, and suspected transmission of
infectious agents by a medicinal product

In sum, established guidelines and definitions,
standard operating procedures, and applicable laws and
regulations will be followed in the documentation and
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reporting of adverse events. The results of the safety
analyses described above will be reported in trial
publications.

Frequency and plans for auditing trial conduct {23}
Audits may be performed according to local quality
assurance requirements in order to determine whether
appropriate processes are in place and are laid down in
standard operating procedures (system audit); whether
such processes are carried out in a way that is
reasonable, comprehensive, and in line with applicable
regulation; whether the responsible personnel is
appropriately qualified to take on their tasks (process
audit); and whether important documents (e.g., clinical
trial protocol, case report forms) comply with all
relevant local and regulatory provisions (product audit).
Such evaluations may take the form of internal (e.g., the
Clinical Trials Unit being audited by its own quality
assurance department) or external audits (e.g., the
Clinical Trials Unit auditing the Department of
Neurosurgery, or the central department for governance
and quality of the Medical Center, University of
Freiburg, auditing the Clinical Trials Unit or the
Department of Neurosurgery).

Plans for communicating important protocol
amendments to relevant parties (e.g., trial participants,
ethical committees) {25}
Substantial amendments to the trial protocol (e.g.,
changes to eligibility criteria, outcomes, analyses) will
only be implemented after CA and EC approval has
been obtained. Changes to the protocol that are required
for patient safety may be implemented prior to CA and
EC approval. In case of protocol amendments, the
relevant entry in the trial registry will be updated
accordingly.

Dissemination plans {31a}
Upon trial completion, the results of this trial will be
submitted for publication in a scientific journal,
presented at academic conferences, and posted in a
publicly accessible database of clinical trial results
irrespective of the results of the trial. No contractual
restrictions exist regarding the publication of trial
results. In line with ICMJE recommendations on
authorship, the authors of the main publication shall be
all those who have made significant intellectual
contributions to the design and conduct of the study, or
to acquiring, interpreting, and analyzing the study data.
It is not intended to engage professional writers for
publications of this trial.

Discussion
DCI is a major cause of death and poor neurological
outcome in patients with aSAH. The therapeutic
armamentarium currently available to address this
problem is narrow and insufficient. Thus, there is a
significant need to develop new treatment approaches
for these patients.
Direct intrathecal therapies with fibrinolytic (e.g.,

urokinase) and spasmolytic agents (e.g., nimodipine)
have appeared promising in clinical trials. However, in
patients with aneurysms secured by endovascular
intervention (coiling) which is the dominant technique
of aneurysm securing today, no safe method of access to
the very target of this therapy exists.
We introduce STX-VCS to establish a cisternal

treatment access irrespective of the method of
aneurysm securing and propose a stepwise protocol
for cisternal drug delivery. The pathophysiologic ra-
tionale of our approach is to remove the presumed
trigger for CVS through fibrinolysis of subarachnoid
blood clots and to target CVS directly in case it oc-
curs. Furthermore, as ventricular blood presents an
add-on risk for vasospasm [21], it appears plausible to
involve the ventricles in the lavage circuit and hence
to establish a ventriculo-cisternal lavage. We propose
this RCT to assess the clinical safety and efficacy of
this approach.
Additionally, the majority of DCI cases occur in

patients of WFNS grade 5 (68% of DCI cases in our
institutional series). By including WFNS 5 patients, the
present trial is designed to be offered to (nearly) all
patients at risk for DCI, i.e., WFNS 3–5. This approach
differs from most other recent and ongoing RCTs on
CVS and DCI which typically exclude WFNS 5 patients.

Trial status
The study is recruiting patients since June 12, 2019. We
expect recruitment to be completed by late 2022.
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