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Abstract

Background: A previously performed phase Il trial on 112 subjects investigating prophylactic nimodipine
treatment in vestibular schwannoma (VS) surgery showed no clear beneficial effects on preservation of facial and
cochlear nerve functions, though it should be considered that protection of facial nerve function was the primary
outcome. However, the risk for postoperative hearing loss was halved in the nimodipine group compared to the
control group (OR 0.49; 95% Cl 0.18-1.30; p = 0.15). Accordingly, this phase Ill extension trial investigates the
efficacy and safety of prophylactic nimodipine for hearing preservation in VS surgery.

Methods: This is a randomized, multi-center, two-armed, open-label phase Il trial with blinded expert review and
two-stage with interim analysis. Three hundred thirty-six adults with the indication for microsurgical removal of VS
(Koos I-1V) and serviceable preoperative hearing (Gardner-Robertson scale (GR) 1-3) are assigned to either the
therapy (intravenous nimodipine 1-2 mg/h from the day before surgery until the fifth postoperative day and
standard of care) or the control group (surgery only and standard of care). The primary endpoint of the trial is
postoperative cochlear nerve function measured before discharge according to GR 1-3 versus GR 4-5 (binary).
Hearing function will be determined by pre- and postoperative audiometry with speech discrimination, which will
be evaluated by a blinded expert reviewer. Furthermore, patient-reported outcomes using standardized
questionnaires will be analyzed.
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basic research.

Discussion: Prophylactic parenteral nimodipine treatment may have a positive effect on hearing preservation in VS
surgery and would improve patient’s quality of life. Further secondary analyses are planned. Except for dose-
depending hypotension, nimodipine is known as a safe drug. In the future, prophylactic nimodipine treatment may
be recommended as a routine medication in VS surgery. VS can be considered as an ideal model for clinical
evaluation of neuroprotection, since hearing outcome can be classified by well-recognized criteria. The beneficial
effect of nimodipine may be transferable to other surgical procedures with nerves at risk and may have impact on

Trial registration: EudraCT 2019-002317-19, DRKS00019107. 8th May 2020.
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Background
Vestibular schwannomas (VS) are benign tumors, which
comprise 6—8% of all intracranial tumors with an overall
incidence of 1-2/100,000/year [1]. The most prevalent
symptoms in patients suffering from VS are hearing loss,
tinnitus, and vertigo. Disease management options in-
clude follow-up by magnet resonance imaging (MRI),
stereotactic radiosurgery, and microsurgical removal.
However, the goal of modern VS surgery is total tumor
removal with preservation of facial and cochlear nerve
function. Deterioration of cochlear nerve functions is a
common complication following VS surgery. Except for
dexamethasone, there is a lack of neuroprotective medi-
cation in neurosurgical interventions. Nimodipine, a
dihydropyridine calcium antagonist, is a generally well-
tolerated drug with a long history in neurosurgical
practice. Besides preventing cerebral vasospasm, a neu-
roprotective effect has been assumed [2]. Further, basic
research points to an underlying neuroprotective mech-
anism of nimodipine [3-6]. Herzfeld et al. demonstrated
a reduction of apoptosis in nimodipine-treated neuro2a
cells via surgery-like stress models [4, 5]. Several mono-
center, retro- and prospective clinical trials pointed to a
beneficial effect of nimodipine on the long-term out-
come of cranial nerve functions following VS surgery
[7-14]. A monocentric pilot study on 30 subjects
showed a superiority of its prophylactic administration
compared to an intraoperative start or no treatment [9].
A subsequently performed phase III trial on 112 subjects
with facial nerve function 12 months after surgery as pri-
mary outcome showed no clear beneficial effects [15].
But, the risk for postoperative hearing loss was halved in
the treatment group compared to the control group (OR
= 049; 95% CI 0.18-1.30; p = 0.15), particularly in
medium- to large-sized tumors (Koos III/IV) [15]. How-
ever, a subsequently performed combined analysis of the
phase III trial and its pilot study showed significantly
lower risks for hearing loss in the treatment group, for
all tumor sizes (OR = 0.38; 95% CI 0.17-0.83; p = 0.016)
[16]. In Germany, nimodipine is occasionally used in VS

surgery (off-label use); however, sufficient evidence by
randomized controlled trials of a clear neuroprotective
efficacy is still missing. Therefore, the main aim of the
study is to clarify whether prophylactic nimodipine pre-
serves hearing in vestibular schwannoma surgery.

Methods/design
Objectives
This trial investigates the efficacy and safety of prophy-
lactic nimodipine for hearing preservation in VS surgery.
Preservation of hearing using prophylactic nimodipine
would significantly improve the patient’s quality of life.
In the future, prophylactic nimodipine treatment may be
recommended as a routine medication in VS surgery. VS
can be considered as an ideal model for clinical evalu-
ation of neuroprotection, since the hearing outcome can
be classified by well-recognized criteria (Gardner-Rob-
ertson scale (GR)) [17]. The primary objective is to as-
sess the effect of prophylactic parenteral preoperatively
starting nimodipine treatment for hearing preservation
after VS surgery in comparison to standard care only.
This will be measured by pure-tone and speech audiom-
etry during the postoperative hospital stay. The primary
endpoint is postoperative cochlear nerve function mea-
sured before discharge according to GR scale 1-3 versus
GR 4-5 (binary), a suitable predictor for the preservation
of serviceable hearing. The beneficial effect of nimodi-
pine may be transferable to other surgical procedures
with nerves at risk.

Trial design
The trial will be randomized two-armed, open-label,
with blinded expert review and interim analysis.

Methods: participants, interventions, and
outcomes

Study setting

The clinical trial will be carried out in a multi-center
fashion at currently 8 trial sites in Germany—mainly
academic hospitals as well as a community clinic; for a
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list, refer to https://www.drks.de (ID DRKS00019107).
The participating sites have a large expertise in VS sur-
gery and also in nimodipine treatment. All sites are ex-
perienced in conducting GCP-conform clinical trials.
Several trial sites had already participated in the previous
multi-center trial [15]. Additional qualified trial sites can
be included during trial conduct if necessary.

For data management, monitoring, safety manage-
ment, biostatistics, and project management, the Coord-
inating Investigator will be supported by the
Coordination Centre for Clinical Trials (CCT/KKS
Halle), which has comprehensive experience with drug
trials. This trial with its protocol is approved by the Ger-
man Competent Authority and the Ethics Committees
of each site and is registered at https://www.drks.de (ID
DRKS00019107).

Eligibility criteria

Patients with VS, indication for surgery, and preopera-
tive serviceable hearing (GR 1-3) will be enrolled. Based
on the data of both previous trials [9, 15, 16], patients
suffering from VS of all tumor sizes will participate.
However, patients with neurofibromatosis and previous
therapy (surgery and/or radiotherapy) are excluded.

Inclusion criteria

1. Adults age = 18 years
VS (Koos I-1V) with indication for surgery

3. Preoperative pure-tone audiogram (not older than
3 months prior to surgery), hearing function ac-
cording to GR 1-3 (air conduction pure-tone aver-
age (PTA) (0.5-3 kHz) < 90 dB hearing level (HL))

4. Preoperative MRI (not older than 6 months prior to
surgery)

5. Written informed consent obtained according to
international guidelines and local laws

6. Ability to understand and give informed consent

7. Safe contraception measures for males and females

Exclusion criteria

1. Hearing function GR 45 (air conduction PTA
(0.5-3 kHz) > 90 dB HL)

2. Conductive hearing loss at the affected side (mean
air bone gap (0.5, 1, 2, 3kHz) > 10 dB) if bone
conduction is measurable

3. Previously irradiated or surgical treated VS

4. Neurofibromatosis, other brain tumors, other
reasons for inoperability

5. Pregnancy and lactation period

6. Known hypersensitivity to nimodipine or any of the
excipients (ethanol, Macrogol, sodium citrate, citric
acid) to be used for nimodipine infusion
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7. History of (reformed alcoholics) or persistent abuse

of alcohol

Known current kidney or liver insufficiency

9. Any medical condition that in the opinion of the
investigator would not permit participation in the
clinical trial

10. Unstable angina pectoris and/or myocardial
infarction during the last 4 weeks before the start of
treatment

11. Severe, uncontrolled, symptomatic hypotension at
inclusion

12. Subjects with psychological, psychiatric,
neurological, familial, sociological, or geographical
conditions that do not permit compliance with the
protocol as well as officially and/or legally
accommodated persons

13. Participation in another interventional trial
simultaneously and within the last 30 days prior to
inclusion (registries or observational studies
allowed)

®

Discontinuation criteria and dropouts
Patients can have treatment or trial participation termi-
nated prematurely at any time, without having to give
reasons. If the patient agrees, the visits, follow-up, and
documentation will continue as scheduled. Further rea-
sons for discontinuation are the occurrence of adverse
events related to the study treatment that cannot be
treated adequately or of adverse events which in the
opinion of the investigator make it necessary to stop the
study treatment. The investigator may also terminate the
study participating for the patient in case of missing
compliance or other circumstances which make trial-
relevant follow-up impossible. The sponsor might also
decide to withdraw a patient from trial participation (the
reason has to be specified, e.g., major protocol violation).
If a patient decides to discontinue the study after
randomization but before the respective start of treat-
ment, the patient will be considered as a dropout.

Interventions
Patients will be randomized and assigned to one of two
groups (interventional or control group).

Control group

Patients in the control group will receive surgery only, as
the standard of care, and be prepared, operated, and
treated afterwards as is required by routine procedures
at the trial site. Nimodipine administration is not
allowed in control patients for the whole trial duration
except in case of emergency of aneurysmal subarachnoid
hemorrhage (SAH).
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Interventional group
Patients assigned to the interventional group will receive
nimodipine parenterally from the day before surgery
until the 5th postoperative day additional to surgery as
standard care. Nimodipine should be given as soon as
possible on the day before surgery. However, due to the
clinical situation, a defined time was not determined.
Administration of nimodipine will be started via a per-
ipheral venous access with a dosage of 1 mg/h (5 ml/h)
for at least 2 h. If nimodipine is well tolerated, the dos-
age should be increased to 2 mg/h (10 ml/h). During and
after surgery, nimodipine should be administered via a
routine central line. Blood pressure should be monitored
three times a day due to the effects of and on nimodi-
pine. In case of hypotension, a dose reduction of 1 mg/h
or 0.5mg/h or a stop of treatment is intended. The ad-
ministration of nimodipine and thus the cumulative dos-
age will be documented for each patient. Afterward,
until the patient’s end of study, nimodipine treatment is
not permitted except in case of emergency of
aneurysmal SAH.

Nimodipine will be purchased by Bayer Vital GmbH,
Leverkusen, Germany.

Treatment modification

Dose reduction is essential in the case of symptomatic
patients caused by hypotension, e.g., dizziness and fa-
tigue. An initial dose reduction from 2 mg/h (10 ml/h) to
1mg/h (5ml/h) is recommended. Thereafter, the dose
should be reduced to 0.5 mg/h (2.5 ml/h) if the patient is
still symptomatic. Nimodipine treatment may also be
discontinued. However, dose reduction/discontinuation
due to other adverse events as well as rechallenge of
nimodipine will be the investigator’s discretion. All dos-
ages administered to the patient and any dose change or
interruption will be recorded.

Outcomes

Primary outcome

The primary endpoint is postoperative cochlear nerve
function measured before hospital discharge according
to GR 1-3 versus GR 4-5 (binary). This outcome de-
fines the preservation of useful hearing.

Secondary outcomes
The secondary endpoints are the following:

e Late postoperative cochlear nerve function
measured at follow-up 3 to 6 months after surgery
according to GR 1-3 versus GR 4-5 (binary)

e DPostoperative deterioration of cochlear nerve
function of at least one grade according to the GR
compared with its preoperative function (binary)
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e Late postoperative deterioration of cochlear nerve
function of at least one grade according to the GR
compared with its preoperative function measured
at follow-up 3 to 6 months after surgery (binary)

e Change of pure-tone thresholds (PTA) and speech
discrimination score (Word Recognition Score,
WRSmax)

e GR and American Academy of Otolaryngology-
Head and Neck Surgery (AAOHNS) scores

o Intraoperative deterioration of brainstem audiometry
evoked potential (BAEP) mean values (amplitudes
and latencies)

e Subjective quality of life/psychosocial impairment
will be assessed by the means of three patient’s
questionnaires (Hearing Handicap Inventory for the
Elderly (HHIE), Short Form (SF)-12, Penn Acoustic
Neuroma Quality of Life (PANQOL)) before surgery
and at follow-up

e Anatomical preservation of the cochlear nerve and
preservation of wave V (BAEP)

o Safety data

Participant timeline
Duration of intervention: 7 days

Duration of follow-up: 3 to 6 months

Study related: estimated start 4th quarter 2020. Dur-
ation of enrolment: 21 months, interim analysis, 21
months. Estimated end of the trial: 2025

A detailed visit schedule and trial flow chart is pro-
vided (Figs. 1 and 2). The schedule lists all of the evalua-
tions in tabular form and indicates with an “X” when
they have to be performed.

Sample size

The sample size calculation is based on the combined
results of the pilot study and the multi-center study re-
garding the primary outcome postoperative cochlear
nerve function [9, 15, 16]. Considering patients with
tumor size Koos I-1V and preoperative hearing function
GR 1-3, 30 out of 46 patients (65.2%) suffered from deaf
in the control group versus 31 out of 63 patients (49.2%)
in the therapy group. Using these frequencies, based on
a two-sided chi-square test with alpha = 5% and 80%
power and an interim analysis at information fraction
0.5 with O’Brien-Fleming-type alpha-spending and pos-
sible trial stop because of futility, requires 80 patients
per group in the first stage. Additional 79 patients per
group are necessary if the trial is not stopped because of
futility after the interim analysis (SAS® procedure SEQD
ESIGN). Assuming a dropout rate of 5%, the planned
sample size for the trial is 84 patients per treatment
group in the first stage and 84 additional patients per
group in the second stage. Finally, the total maximum
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Flow Chart-Trial overview

screening surgery/treatment follow-up

Intervention group

Standard care and intravenous
randomisation nimodipine (1-2mg/h) from the day
before surgery until the fifth
postoperative day

informed consent \
recruitment Control group

Standard care

N

+  MRI not older than 6

Surgery with . MRI
months y "
«  audiometry not older than 3 conég\él:us gxﬁ:&gftw
months monitoring - HHIE
+  PANQOL . SFi2
. HHIE . audiometry
.+ SF12
| | | | | I
| | | | | 1
day -1 0 1 2 3 4 5 between 3-6 months
Fig. 1 Flow chart
: Follow up
Screening| pre-
5 OP post-OP Post-OP
/ Baseline | OP (EOS)
procedure Days Day | Day Days month
-30 to -1 to hospital 3to 6
! v z|2|=]|= discharge
Informed Consent X
Demographics, psych. X
Anamnesis
Medical History X
AE, SAE, CM X X X | x| x| x| x X x!
MRI X xt
Tumor size according to &
Koos
Check of inclusion and
exclusion criteria, X
Randomization
Nimodipine—treatment
- ] 2 X X X | x| x| x| x
(only interventional group)
VS surgery X
Blood pressure® X 3x 3x | 3x | 3x | 3x | 3x | 3x
Pure-tone audiometry and
speech audiometry incl. x° 1 x post-OP® X
GR grading
Extent of resection ¥ e
intraoperative BAEPs X
Preservation of the X
cochlear nerve
Questionnaires x X

" Only documentation of Aes (ongoing), that occurred until hospital discharge after surgery
2 interventional group only, administration in control group is not allowed

3 preoperative MRI not older than 6 months before surgery

“ postoperative MRI until 6 months after surgery

S preoperative pure tone audiometry for inclusion acceptable without speech discrimination and word recognition scores (not older
than 3 months before surgery)

8 early-postoperative pure tone audiometry with speech discrimination and word recognition scores until hospital discharge

7 postoperative evaluation of extent of resection by investigator (intraoperatively) and imaging (MRI)

8 preoperative evaluation of tumor size (Koos) by investigator of each center

¢ measurement at screening for both groups. Interventional group: first measurement app. 30min after nimodipine-start, second
one before first dose increase. Further measurements as well as measurements for control group are investigator’s discretion.

Fig. 2 Visit schedule and assessments
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number of patients required for both stages is 336 (168
before interim analysis and 168 after interim analysis).

Recruitment

Each site will screen their VS patients with indication
for surgery for recruiting. Inclusion of all tumor sizes
(Koos I-1V) [18] and the close patient-physician rela-
tionship in this indication will facilitate recruitment. To
date, 4 study centers which have already participated in
the previous study with high recruitment rates and 4
additional trial sites with good VS surgery and clinical
trial reputation will participate. All sites had committed
their planned recruitment via feasibility questionnaires.
In the previous trial [15], recruitment was completed
even faster than planned, so recruitment is expected to
be feasible again without delay.

Methods: assignment of interventions

Allocation

To ensure concealment of treatment allocation, stratified
block randomization with respect to tumor size (Koos I/
IT vs. III/IV) and variable block length will be performed
centrally in SAS and included in SecuTrail for Internet-
based online randomization independently organized by
CCT Halle.

Blinding

A double-blind design, usually the favorable approach in
clinical research, has not been proven as feasible for sev-
eral reasons. From an ethical point of view, a double-
blind approach using a placebo would require a central-
line catheter for 5 days in the postoperative course in
patients of the control group. Furthermore, manufactur-
ing of an appropriate i.v. placebo is not feasible.

Methods: data collection, management, and
analysis

Data collection methods

Tumor size and extent of resection

Tumor size is determined by MRI (thin-slice, axial T1-
weighted with and without contrast enhancement, not
older than 6 months prior to surgery) and classified ac-
cording to Koos grading system [18] by the investigator
of each trial site (Koos I/II vs. III/IV) for the stratified
randomization. For statistical analysis, it is additionally
evaluated by a blinded independent expert. The extent
of resection will be evaluated by the investigator’s sub-
jective impression intraoperatively and by an independ-
ent expert via MRL

Audiometry/GR evaluation

Standard pure-tone audiometry provides diagnostic in-
formation concerning the degree, type, and configur-
ation of hearing loss. Audiometries should be performed
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in a soundproof booth. Parameters are defined in Inter-
national Organization for Standardization (ISO) norm
(ISO 11957:1996, 1996). Speech audiometry is performed
to obtain the speech recognition threshold by using Ger-
man multisyllabic words (“Freiburger Zahlentest”), if
possible, and suprathreshold speech recognition by using
German monosyllabic words (“Freiburger Einsilbertest”),
if possible. The following information should be pro-
vided additionally regarding the performed pure-tone
and speech audiometries for both ears in each patient:

e Pure-tone thresholds for air conduction at
frequencies of 0.25, 0.5, 1, 2, 3, 4, and 8 kHz.
Masking has to be applied if needed.

e DPure-tone thresholds for bone conduction at
frequencies of 0.5, 1, 2, 3, 4, and 6 kHz. Masking has
to be applied if needed.

o The graph plotted by connecting all hearing
threshold values for all tested frequencies as well as
masking levels used.

e Speech reception threshold (SRT) for air conduction
(ipsilateral headphone-presentation, “Freiburger
Zahlentest”).

e If SRT < 65 dB sound pressure level (SPL): word
recognition score for Freiburger Monosyllables at
65, 80, and 95 dB SPL, using 2 lists each, masking
levels have to be reported.

e If SRT = 65dB SPL and SRT < 80 dB SPL: word
recognition score for Freiburger Monosyllables at 80
and 95 dB SPL, using 2 lists each, masking levels
have to be reported.

e If SRT > 80 dB SPL: word recognition score for
Freiburger Monosyllables at 95 dB SPL, using 2 lists,
masking levels have to be reported.

GR evaluation: Hearing class is determined according
to the GR grading system [17] by the investigator of each
trial site for inclusion. If speech discrimination
(WRSpax) is not available, evaluation will be done by
pure-tone measurements only. For statistical analysis, it
is additionally evaluated by an independent expert.
AAOHNS evaluation will only be done by a blinded ex-
pert [19].

If during surgery the nervus cochlearis has been cut,
grading is considered as GR 5. In this case, postoperative
audiometries do not have to be performed.

Questionnaires

Patients are asked for an evaluation of subjective health
and communication competencies (quality of life) via
three different patient questionnaires (SF-12 [20, 21],
PANQOL [22], HHIE [23, 24]) twice during the trial: be-
fore surgery and during follow-up after 3 to 6 months.
Interpretation of questionnaires and calculation of scores
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is highly standardized but will nevertheless be done by a
blinded expert.

Data management

All data will be entered directly at the trial site by the
study team via remote data entry in the trial-specific
electronic Case Report Form (eCRF). The study manage-
ment software secuTrial’, a Good Clinical Practice
(GCP)-compliant clinical data management system for
the conduction of clinical trials, will be used for data
entry and query management. Management of the study
data base will be done by CCT Halle.

In a multistage procedure, the obtained data will be
checked electronically for their plausibility and
consistency by CCT Halle. In case of implausible or
missing data, queries will be generated and provided to
the investigator in order to obtain any missing informa-
tion and resolve inconsistencies.

After completion of data capture and quality check,
data base will be closed by CCT Halle and the data will
be transferred to the biometrician for statistical analysis.

Statistical methods

Populations for analysis

The primary analysis data set is the modified intention-
to-treat population. This data set contains all the pa-
tients who have been enrolled in the clinical trial, ran-
domized, and treated by surgery with pre- and
postoperative values of the nervus cochlearis and tumor
size.

The secondary analysis data set is derived from the
per-protocol population. This data set includes all pa-
tients of the primary analysis data set without major in-
clusion/exclusion violations who have been treated
according to their randomization schedule: For patients
in the nimodipine group, this requires nimodipine treat-
ment at least 18 h per day (with any dosis) from day -1
(day before surgery) until day 5 after surgery (in total 7
days); patients in the control group having received
nimodipine will be excluded.

The tertiary analysis data set (safety population) con-
tains all the patients who underwent surgery and/or re-
ceived at least one dose of the study medication.

Evaluability of a subject
Patients are evaluable if pre- and postoperative values of
the nervus cochlearis and the tumor size are available.

Final analysis

Primary endpoint The primary efficacy analysis will be
performed according to the intent-to-treat principle. Be-
cause of the expected very small number of dropouts
(less than 5%), missing outcomes will be excluded from
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the analysis. To test the superiority of the intervention
versus the control group, logistic regression will be used
with the treatment group and tumor size (because of
stratified randomization w.r.t. tumor size) as variables.
Results will be presented as odds ratios including 95%
Wald confidence intervals and p-values.

Secondary endpoints Additional sensitivity analysis will
be performed by a per-protocol analysis for the primary
endpoint. The risk difference of postoperative hearing
deterioration will be supplemented by a 95% Wald confi-
dence interval, and the Mantel-Haenszel estimation
(with tumor size according to Koos as strata variable)
will be performed as a sensitivity analysis as well as an
additional per-protocol analysis. The secondary outcome
postoperative deterioration of cochlear nerve function of
at least one grade according to the GR compared with
its preoperative function will be analyzed similar to the
primary outcome and results will be given as odds ratios
including 95% Wald confidence intervals and p-values.
Deterioration of BAEPs amplitudes and latencies of the
intraoperative BAEP will be evaluated by comparing
their differences between beginning and end of surgery
using linear regression with covariates treatment group
and tumor size (Koos I/II or Koos III/IV). Change in
quality of life (SF-12, PANQOL, HHIE) will be also eval-
uated using linear regression with covariates treatment
group and tumor size (Koos I/II or Koos III/IV). All ana-
lyses of secondary endpoints will be interpreted in an ex-
ploratory sense.

Safety Safety data will be evaluated descriptively, includ-
ing all randomized study patients, who received at least
one dose of study medication and/or underwent surgery
(safety population).

Methods for additional analyses, such as subgroup
analyses and adjusted analyses Additionally, logistic
regression analyses of the primary endpoint adjusted for
tumor size (Koos classification and volumetry), pre-
operative hearing, extent of resection, positioning of the
patient during surgery (semi-sitting or supine), total dose
of nimodipine, dose modification (yes/no), and intraop-
erative events, e.g., bleedings (yes/no), as well as sub-
group analyses by the following subgroups are planned:

e DPreservation of cochlear nerve intraoperative by
surgeons’ statement (yes/no)

e Cystic tumor by blinded expert evaluation (yes/no)

o Sex

e BAEP (amplitude and latency: stable/worsened/
totally lost)
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Methods: monitoring

Data monitoring

As a measure of quality control, risk-adapted on-site
data monitoring is conducted during the enrolment
period by independent clinical monitors from the CCT
Halle to ensure patient safety, adherence to protocol and
GCP, and consistency of the data. This is done according
to GCP and standard operating procedures (SOP). The
specific extent of the monitoring and source data verifi-
cation is specified in the monitoring manual. In addition,
regular central data monitoring via electronic CRF will
be performed during the study course to check the data
quality in a continuous manner. Every trial site will
undergo a close-out visit by the monitors after the last
participant at that site has finished the follow-up. To en-
sure the quality of data and study performance, the
sponsor may conduct site visits by an independent
auditor.

An independent Data Safety Monitoring Board
(DSMB) is established to monitor safety data during the
course of the clinical trial. The composition (neurosur-
geon, ENT, biostatistician) and responsibilities of the
DSMB and the structure and procedures of its meetings
are laid down in the DSMB charter.

Interim analysis

An interim analysis is planned for the time point when
half of the patients (168 patients) have been randomized
and their primary endpoint has been evaluated. The
study design includes a two-stage design with interim
analysis at information fraction 0.5 with O’Brien-Flem-
ing-type alpha-spending and possible trial stop because
of futility.

Harms
Adverse events, e.g., any untoward medical occurrence
in a subject without regard to the possibility of a causal
relationship, occurring from the day before surgery until
hospital discharge will be captured according to GCP
and common standards. Any event meeting criteria of a
serious adverse event will additionally be immediately
reported to the sponsor according to legal regulation.
Further expedited reporting to the competent authority,
the relevant ethics committee, and all investigators are
done in case of a suspected unexpected serious adverse
reaction. For classification of the adverse events, the
MedDRA code system will be used.

Any pregnancy that occurs during trial participation
must also be reported.

Auditing

In compliance with the International Conference on
Harmonization (ICH)-GCP guidelines, audits may be
performed as a quality measure by the sponsor or an
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independent external party, as well as inspections by
regulatory authorities. For quality control by regular
monitoring, please refer to the “Data monitoring”
section.

Ancillary and post-trial care

For all patients participating in this trial, an insurance
covering trial-related harms is contracted according to
national law. Post-trial care of VS will be the investiga-
tor’s discretion and done according to the German treat-
ment guidelines/clinical routine.

Protocol amendments

Substantial amendments to the protocol according to
definitions in national law have to be submitted by the
sponsor and to be approved by the Competent Authority
and Ethics Committees before being implemented. Only
changes of the protocol that are required for patient
safety may be implemented prior to approval.

Dissemination policy

The trial is registered with full description at the Ger-
man Clinical Trials Register (Deutsches Register Kli-
nischer Studien, DRKS).

The results of the trial will be published independent
of the size or direction of the effects, according to CON-
SORT guidelines, in peer-reviewed national and inter-
national journals with a special emphasis on media that
is relevant for professionals in Neurosurgery. Addition-
ally, clinical trial summary results will be published in
the European Union Clinical Trials Database (EudraCT).

Discussion

This randomized, two-armed, multi-centric phase III
trial will investigate the efficacy and safety of prophylac-
tic nimodipine for hearing preservation in VS surgery.
The treatment in the control group is active standard
medical care. Nimodipine is primarily used in SAH for
more than 20years. Except for dose-depending
hypotension, nimodipine is a safe drug. Severe harms to
the participants are not expected; however, all patients
undergo a comprehensive clinical monitoring during
trial participation including 3 to 6 months of follow-up
after the end of study treatment. Thus, the potential
benefit of the prophylactic treatment for hearing preser-
vation and thus communication abilities in the profes-
sional and private life of the participants is considered to
be much higher than the risk of potential side effects.

In principle, prophylactic treatment with neuroprotec-
tive drugs prior to interventions with nerve tissue at risk
seems to be a novel and promising concept and may
have influence on basic research (investigation of the
underlying molecular mechanisms). The patients of the
control group will not receive neuroprotective
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nimodipine treatment. In the first phase III trial, an in-
traoperative start of the medication was allowed in the
control group [15]. This might be the reason for the
missing significant effect of the treatment. In the clinical
course, nimodipine is occasionally given as an off-label-
use medication; however, the medication is not being
applied at many neurosurgical departments in Germany.
There are no recommendations for perioperative nimo-
dipine treatment in the guidelines for VS surgery; thus,
the treatment of the control group represents the inter-
national standard of care. Therefore, the approach with
different treatments (preoperative nimodipine versus no
medication) in the intervention and the control group is
justified from an ethical point of view as well as to ad-
dress the scientific question in an appropriate way. A
double-blind design, usually the favorable approach in
clinical research, has not been proven as feasible for the
reasons described in the “Blinding” section.

Therefore, nimodipine will be administered paren-
terally via a routine central line from the day before sur-
gery until the fifth postoperative day exclusively in the
treatment group. The chosen dosage of 1-2 mg/h is the
standard dosage of nimodipine in the treatment of
aneurysmal SAH patients.

Since it has been shown that there is no significant
change in cochlear nerve function between the early
postoperative course and 1 year after VS surgery [25], a
potential hearing loss from fluid in the mastoid/middle
ear in the early postoperative course should not affect
the substance of the findings.

Prophylactic parenteral nimodipine treatment may
have a positive effect on hearing preservation in VS sur-
gery and would significantly improve patient’s quality of
life. Additionally, social and rehabilitation costs may be
reduced when preservation of hearing can be achieved
by prophylactic neuroprotective treatment. Therapy
costs of nimodipine treatment are assumed to be consid-
erably lower compared to individual rehabilitation mea-
sures on patients suffering from reduced hearing or even
hearing loss. In the future, prophylactic nimodipine
treatment may be recommended as a routine medication
in VS surgery and possibly in other surgical procedures
with nerves at risk.

Trial status
Protocol version: AkniPro 2 VO3F July 13, 2020

Study dates: Recruitment phase: January 2021 to Janu-
ary 2025 (planned)

Follow-up phase: May 2021 to May 2025

Abbreviations

AAOHNS: American Academy of Otolaryngology-Head and Neck Surgery;
BAEP: Brainstem audiometry evoked potential; CCT Halle: Coordination
Centre for Clinical Trials, University of Halle (Saale); CONSORT: Consolidated
Standards of Reporting Trials; DRKS: Deutsches Register Klinischer Studien;

Page 9 of 10

DSMB: Data Safety Monitoring Board; eCRF: Electronic Case Report Form;
ENT: Ear, nose, and throat; EudraCT: European Union Clinical Trials Database;
GCP: Good Clinical practice; GR: Gardner-Robertson scale; HHIE: Hearing
Handicap Inventory for the Elderly; ICH: International Conference on
Harmonization; ID: Identification; ISO: Organization for Standardization;

i.v.: Intravenous; MRI: Magnet resonance imaging; PANQOL: Penn Acoustic
Neuroma Quality of Life; PTA: Pure-tone average; SAH: Subarachnoid
hemorrhage; SPL: Sound pressure level; SRT: Speech reception threshold;
SF: Short Form; VS: Vestibular schwannoma; WRSmax: Word Recognition
Score

Acknowledgements
We thank individuals who contributed to the study or manuscript
preparation but do not fulfill all the criteria of authorship.

Authors’ contributions

CSche: principal investigator, study concept and trial design; CStr: senior
coordinator, SL protocol drafting and manuscript submission; PH, AK, SK, IB,
and SK: patient recruitment infrastructure and protocol drafting; TR:
audiological methods and measurement of the primary endpoint; AW:
biometry and statistical evaluation. All authors read and approved the
present version of the manuscript for submission.

Funding

This study is supported by a grant of the “Deutsche
Forschungsgemeinschaft” (SCHE 1984/2-1, Project number: 389145064),
which had no influence on the design of the study and collection, analysis,
and interpretation of data and in writing the manuscript. Open Access
funding enabled and organized by Projekt DEAL.

Availability of data and materials

All study-related information will be stored securely at the study site. Each
trial site will have access to their eCRF data and receive a copy after closed
data base. The sponsor has access to the complete data set of the trial.
The regulations of the Data Protection laws will be complied with. It will be
assured by the sponsor that all investigational materials and data will be
pseudonymized before scientific processing.

Declarations

Ethics approval and consent to participate

This clinical trial will be conducted and reported in compliance with GCP
and the applicable national laws and regulations and with the ethical
principles laid down in the Declaration of Helsinki to assure that the rights,
safety, and well-being of the participating subjects are protected.

The clinical trial protocol and any required documents were approved by
the German Competent Authority, by the Ethics Committee of the University
of Halle-Wittenberg, Germany (reference number 2020-011), and by inde-
pendent Ethics Committees of all trial sites before the trial start.
Participation in the clinical trial is voluntary for all patients. All patients are
informed about the nature, significance, and scope of the study; possible
benefits and risks of the treatment; the rights and responsibilities of study
participants; and the transmission of collected data by the investigator.

Consent for publication

All investigational materials and data will be pseudonymized with a unique
patient ID before submission to the sponsor and scientific processing. The
data has to be saved at least for 10 years in accordance with GCP
regulations.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Neurosurgery, Martin-Luther-University Halle-Wittenberg,
Ernst-Grube-Str. 40, 06097 Halle (Saale), Germany. 2Coordination Centre for
Clinical Trials, Martin-Luther-University Halle-Wittenberg, Halle (Saale),
Germany. *Department of Otorhinolaryngology, Head and Neck Surgery,
Martin-Luther-University Halle-Wittenberg, Halle (Saale), Germany. YInstitute
of Medical Epidemiology, Biostatistics, and Informatics,
Martin-Luther-University Halle-Wittenberg, Halle (Saale), Germany.



Scheller et al. Trials

(2021) 22:475

Received: 4 January 2021 Accepted: 2 July 2021
Published online: 22 July 2021

References

1.

Samii M, Gerganov V. Surgery of cerebellopontine lesions. Berlin Heidelberg:
Springer; 2013. https;//doi.org/10.1007/978-3-642-35422-9.

Rabinstein AA, Lanzino G, Wijdicks EF. Multidisciplinary management and
emerging therapeutic strategies in aneurysmal subarachnoid haemorrhage.
Lancet Neurol. 2010,9(5):504-19. https;//doi.org/10.1016/51474-4422
(10)70087-9.

Bork K, Wurm F, Haller H, Strauss C, Scheller C, Gnanapragassam VS, et al.
Neuroprotective and neuroregenerative effects of nimodipine in a model
system of neuronal differentiation and neurite outgrowth. Molecules. 2015;
20(1):1003-13. https://doi.org/10.3390/molecules20011003.

Herzfeld E, Strauss C, Simmermacher S, Bork K, Horstkorte R, Dehghani F,
et al. Investigation of the neuroprotective impact of nimodipine on
Neuro2a cells by means of a surgery-like stress model. Int J Mol Sci. 2014;
15(10):18453-65. https://doi.org/10.3390/ijms151018453.

Herzfeld E, Speh L, Strauss C, Scheller C. Nimodipine but not nifedipine
promotes expression of fatty acid 2-hydroxylase in a surgical stress model
based on Neuro2a cells. Int J Mol Sci. 2017;18.

Sygnecka K, Heine C, Scherf N, Fasold M, Binder H, Scheller C, et al.
Nimodipine enhances neurite outgrowth in dopaminergic brain slice co-
cultures. Int J Dev Neurosci. 2015;40(1):1-11. https://doi.org/10.1016/j.
jjdevneu.2014.10.005.

Bischoff B, Romstock J, Fahlbusch R, Buchfelder M, Strauss C. Intraoperative
brainstem auditory evoked potential pattern and perioperative vasoactive
treatment for hearing preservation in vestibular schwannoma surgery. J
Neurol Neurosurg Psychiatry. 2008;79(2):170-5. https://doi.org/10.1136/
JANP.2006.113449.

Scheller C, Wienke A, Wurm F, Simmermacher S, Rampp S, Prell J, et al.
Neuroprotective efficacy of prophylactic enteral and parenteral nimodipine
treatment in vestibular schwannoma surgery: a comparative study. J Neurol
Surg A Cent Eur Neurosurg. 2014;75(4):251-8. https://doi.org/10.1055/s-
0033-1355164.

Scheller C, Richter HP, Engelhardt M, Kéenig R, Antoniadis G. The influence
of prophylactic vasoactive treatment on cochlear and facial nerve functions
after vestibular schwannoma surgery: a prospective and open-label
randomized pilot study. Neurosurgery. 2007;61(1):92-7; discussion 97-98.
https://doi.org/10.1227/01.neu.0000279728.98273.51.

Scheller C, Vogel AS, Simmermacher S, Rachinger JC, Prell J, Strauss C, et al.
Prophylactic intravenous nimodipine treatment in skull base surgery:
pharmacokinetic aspects. J Neurol Surg A Cent Eur Neurosurg. 2012;73(3):
153-9. https://doi.org/10.1055/5-0032-1313724.

Scheller C, Wienke A, Wurm F, Vogel AS, Simmermacher S, Prell J, et al.
Enteral or parenteral nimodipine treatment: a comparative pharmacokinetic
study. J Neurol Surg A Cent Eur Neurosurg. 2014;75(2):84-90. https://doi.
0rg/10.1055/5-0033-1337608.

Strauss C, Bischoff B, Neu M, Berg M, Fahlbusch R, Romstock J.
Vasoactive treatment for hearing preservation in acoustic neuroma
surgery. J Neurosurg. 2001;95(5):771-7. https://doi.org/10.3171/jns.2001.
95.5.0771.

Scheller C, Strauss C, Fahlbusch R, Romstock J. Delayed facial nerve paresis
following acoustic neuroma resection and postoperative vasoactive
treatment. Zentralbl Neurochir. 2004;65(3):103-7. https://doi.org/10.1055/5-2
004-816268.

Strauss C, Romstock J, Fahlbusch R, Rampp S, Scheller C. Preservation of
facial nerve function after postoperative vasoactive treatment in vestibular
schwannoma surgery. Neurosurgery. 2006;59(3):577-84; discussion 577-584.
https://doi.org/10.1227/01.NEU.0000230260.95477.0A.

Scheller C, Wienke A, Tatagiba M, Gharabaghi A, Ramina KF, Ganslandt O,
et al. Prophylactic nimodipine treatment for cochlear and facial nerve
preservation after vestibular schwannoma surgery: a randomized
multicenter phase Ill trial. J Neurosurg. 2016;124(3):657-64. https://doi.org/1
0.3171/2015.1.JNS142001.

Scheller C, Wienke A, Tatagiba M, Gharabaghi A, Ramina KF, Ganslandt O,
et al. Prophylactic nimodipine treatment and improvement in hearing
outcome after vestibular schwannoma surgery: a combined analysis of a
randomized, multicenter, phase Ill trial and its pilot study. J Neurosurg. 2017;
127(6):1376-83. https;//doi.org/10.3171/2016.8JNS16626.

20.

21.

22.

23.

24.

25.

Page 10 of 10

Gardner G, Robertson JH. Hearing preservation in unilateral acoustic
neuroma surgery. Ann Otol Rhinol Laryngol. 1988;97(1):55-66. https://doi.
org/10.1177/000348948809700110.

Koos WT. Criteria for preservation of vestibulocochlear nerve function
during microsurgical removal of acoustic neurinomas. Acta Neurochir
(Wien). 1988,92(1-4):55-66. https.//doi.org/10.1007/BF01401974.

Committee on Hearing and Equilibrium guidelines for the diagnosis and
evaluation of therapy in Meniere’s disease. American Academy of
Otolaryngology-Head and Neck Foundation, Inc. Otolaryngol Head Neck
Surg. 1995;113(3):181-5. https.//doi.org/10.1016/50194-5998(95)70102-8.
SF-36 Fragebogen zum Gesundheitszustand. Deutsche Version des Short
Form-36 Health Survey. Gottingen: Hogrefe; 2011.

Ware J Jr, Kosinski M, Keller SD. A 12-Item Short-Form Health Survey:
construction of scales and preliminary tests of reliability and validity. Med
Care. 1996;34(3):220-33. https.//doi.org/10.1097/00005650-199603000-00003.
Kristin J, Glaas MF, Stenin |, Albrecht A, Klenzner T, Schipper J, et al.
Multistep translation and cultural adaptation of the Penn acoustic neuroma
quality-of-life scale for German-speaking patients. Acta Neurochir (Wien).
2017;159(11):2161-8. https://doi.org/10.1007/500701-017-3304-z.

Moser S, Luxenberger W, Freidl W. Perception of hearing problems in the
older population. Hno. 2017,65(8):671-9. https://doi.org/10.1007/500106-017-
0334-z.

Ventry IM, Weinstein BE. The hearing handicap inventory for the elderly: a
new tool. Ear Hear. 1982;3(3):128-34. https://doi.org/10.1097/00003446-1982
05000-00006.

Scheller C, Wienke A, Tatagiba M, Gharabaghi A, Ramina KF, Ganslandt O,
et al. Stability of hearing preservation and regeneration capacity of the
cochlear nerve following vestibular schwannoma surgery via a retrosigmoid
approach. J Neurosurg. 2016;125(5):1277-82. https://doi.org/10.3171/2015.10.
INS15926.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions


https://doi.org/10.1007/978-3-642-35422-9
https://doi.org/10.1016/S1474-4422(10)70087-9
https://doi.org/10.1016/S1474-4422(10)70087-9
https://doi.org/10.3390/molecules20011003
https://doi.org/10.3390/ijms151018453
https://doi.org/10.1016/j.ijdevneu.2014.10.005
https://doi.org/10.1016/j.ijdevneu.2014.10.005
https://doi.org/10.1136/jnnp.2006.113449
https://doi.org/10.1136/jnnp.2006.113449
https://doi.org/10.1055/s-0033-1355164
https://doi.org/10.1055/s-0033-1355164
https://doi.org/10.1227/01.neu.0000279728.98273.51
https://doi.org/10.1055/s-0032-1313724
https://doi.org/10.1055/s-0033-1337608
https://doi.org/10.1055/s-0033-1337608
https://doi.org/10.3171/jns.2001.95.5.0771
https://doi.org/10.3171/jns.2001.95.5.0771
https://doi.org/10.1055/s-2004-816268
https://doi.org/10.1055/s-2004-816268
https://doi.org/10.1227/01.NEU.0000230260.95477.0A
https://doi.org/10.3171/2015.1.JNS142001
https://doi.org/10.3171/2015.1.JNS142001
https://doi.org/10.3171/2016.8.JNS16626
https://doi.org/10.1177/000348948809700110
https://doi.org/10.1177/000348948809700110
https://doi.org/10.1007/BF01401974
https://doi.org/10.1016/S0194-5998(95)70102-8
https://doi.org/10.1097/00005650-199603000-00003
https://doi.org/10.1007/s00701-017-3304-z
https://doi.org/10.1007/s00106-017-0334-z
https://doi.org/10.1007/s00106-017-0334-z
https://doi.org/10.1097/00003446-198205000-00006
https://doi.org/10.1097/00003446-198205000-00006
https://doi.org/10.3171/2015.10.JNS15926
https://doi.org/10.3171/2015.10.JNS15926

	Abstract
	Background
	Methods
	Discussion
	Trial registration

	Background
	Methods/design
	Objectives
	Trial design

	Methods: participants, interventions, and outcomes
	Study setting
	Eligibility criteria
	Inclusion criteria
	Exclusion criteria

	Discontinuation criteria and dropouts
	Interventions
	Control group
	Interventional group
	Treatment modification

	Outcomes
	Primary outcome
	Secondary outcomes

	Participant timeline
	Sample size
	Recruitment

	Methods: assignment of interventions
	Allocation
	Blinding

	Methods: data collection, management, and analysis
	Data collection methods
	Tumor size and extent of resection
	Audiometry/GR evaluation
	Questionnaires

	Data management
	Statistical methods
	Populations for analysis
	Evaluability of a subject
	Final analysis


	Methods: monitoring
	Data monitoring
	Interim analysis

	Harms
	Auditing
	Ancillary and post-trial care
	Protocol amendments

	Dissemination policy

	Discussion
	Trial status
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

