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Editorial

Dear valued EMSCI and NISCI
colleagues,

| hope this newsletter is findig you well and
as you can see for the first time we have a
combined EMSCI and NISCI newsletter.

For the most of us this seems logical (almost
overdue) as NISCI is basically one of the
several successful outputs from EMSCI. We
are now looking at 2 decades of EMSCI with
a very impressive ongoing data collection
which is internationally truly unique. And
more than this our scientific outcomes with
more than 100 peer reviewed papers paved
the way to consider and put into action of a
very modern and sophisticated trial protocol,
that will have a strong impact onto the field.

Of course such endeavors are always good
for some surprises and this holds true also
for our ongoing NISCI trial. Based on the
parallel group design of the study (prede-

fined outcome cohorts) the envisioned ran-
domization did not work out per plan and we
have to extend our trial by a max of 3 months
to increase the numbers of serum treated
patients. The number of serum tested pati-
ents is still lower than planed (we aimed for
78 patients) but is crucial, as only from these
patients we can learn, if the drug interventi-
on is improving outcomes. This is inducing
several administrative challenges and we
hope to manage these in time....fingers
crossed!

We anticipate to have first scrutinized outco-
mes by summer 2023 and will circulate and
discuss them first within the NISCI/EMSCI
network.

We hope you will find interest in this newslet-
ter and please feel free to provide any feed-
back that comes to mind.

With very best greetings and sincere thanks
to all your efforts and support,
Armin




NISCI update

NISCI update

Despite the inhospitable and turbulent last
two years during the COVID-19 pandemic,
the NISCI study centers have managed to
continue actively enrolling patients in the
study. All of you have contributed to our suc-
cess. This outstanding performance has
meant that we are already on schedule to
enter the home stretch.

What else is there to report and what has
happened since the last newsletter in Sep-
tember 20197

From 26-27 September 2019, we had the
pleasure of being guests at the Study Centre
in Heidelberg for a GA meeting. We would
like to thank Norbert Weidner and his team
and all of you who contributed to this very
revealing and productive meeting. A short
update of the site readiness and the new
study centers was given. Furthermore,
Rainer Abel reported about his experience of
the 1st patient screening and inclusion in
Germany. In the evening we enjoyed a nice
walk through the old town of Heidelberg and
a delicious dinner in a lovely restaurant.

Already during the last meetings before
2019, there were repeated discussions of
increasing the allocation 1:1 to 3:1. At the
same time, we realized that we would not be
In a position to complete the study according
to plan. Therefore, we were able to come up
with a mitigation strategy to change the
allocation to 3:1 when we asked for a study
extension. Thanks to all the efforts on the
part of the CROs and the sponsor both
requests were approved and quickly imple-
mented at the end of 2020. During this time
all further study sites could be successfully
Initiated and randomize their first patients.

The first Data Safety Monitoring Board
(DSMB) was held in February 2021 followed
by the second meeting in March this year. All
efforts to get an approval for the site in Italy
were not successful due to specific requests

by the national authority (AIFA). The final
decision to drop ltaly was made in Septem-
ber 2021.

As we were unfortunately not able to plan
any meetings on site, we held them virtually.
The first webinar was carried out in April
2020 while the lockdown prevailed in all par-
ticipating countries and thus in the study
centers. The main focus here was on the
extension of the trial and the introduction of
the new allocation. Updates and main goals
of WP 2/3/4 were given.

This meeting was followed by three more
webinars, one of which was within the
framework of the DMGP as part of the
annual EMSCI meeting. The meetings conti-
nued to focus on the progress of the study
and the inclusion of patient numbers, the
development of biomarkers in the WPS and
the intensive good cooperation with all sites
and the CROs, as well as the imminent end
of the study. At our last meeting on 6 April,
the necessary number of patients in the
verum-group was also addressed and the
necessary measures were discussed. In the
meantime, we have already indicated to our
officer in Brussels that we have a further 6
months extension of the trial in mind. This
would not only allow us to take full advanta-
ge of the EU’s financial resources but also to
reach the specified number of patients. We
do not yet know when the target number of
patients will be reached, but we hope that
this will be the case as early as summer
2022. Until the end of September at the
latest we can include patients in the NISCI
trial.

I'd like to emphasize once again how good
the cooperation with the study centers is.
Thanks to this we are so successful.

| wish you all continued success
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Biomarkers

Fluid biomarker development in
spinal cord injury

Norbert Weidner, Christian Schuld, Andreas
Hug

Spinal Cord Injury Center

Heidelberg University Hospital

A core element, which was added to the
NISCI clinical trial aims to analyze serum
and cerebrospinal fluid (CSF) from SCI pati-
ents enrolled in the phase Il trial to identify
protein based biomarkers which are correla-
ted with the clinical outcome of SCI patients
and which may allow to identify responders
or non-responders to the pharmacological
therapy with the anti-NOGO-A antibody
(NG-101). To enable not just fluid biomarker
development, but in addition pharmacoki-
netics and immunogenicity analyses high
quality serum and CSF samples are collec-
ted, processed, shipped, and stored in the
Heidelberg Cardio Biobank (Tanja Weis]
which serves as the NISCI core biobank. To
ensure highest sample quality detailed stan-
dard operating procedures related to ship-
ping, sample processing, documentation and
storage were established. The proteomics
analyses are done by the Medical Proteome
Center in Bochum (Katrin Marcus, Katalin
Barkovits).

To identify marker proteins that allow to
measure the response to the therapeutic
intervention or to serve as outcome predic-

tors, mass spectrometry (MS) based quanti-
tative proteomic analyses are performed.
Prior to analysis, proteins present in a
sample are enzymatically cleaved to pep-
tides. Subsequently, the peptide concentrati-
on Is determined by amino acid analysis,
which ensures that the same quantities are
analyzed in the MS-based analysis. In the MS
based measurement, a complexity reduction
of the peptide mixture is performed by ultra
high liquid chromatography (UHPLC] follo-
wed by mass spectrometric analysis, where
the resulting peptide ions are measured in
the mass spectrometer to obtain MS1 spect-
ra. For accurate identification of the peptide
sequences and the resulting proteins, the ion
masses of the MS2 spectra resulting from
peptide fragmentation are used within data-
base analyses. In addition to protein identifi-
cation, the underlying information from the
MS1 spectra is used for quantitative analysis.
This is based on the measured intensities of
protein-specific peptides, from which the
abundance of the respective proteins can be
calculated. For the proteomic analysis, a
sufficient number of defined high quality CSF
samples are analyzed to ensure the generati-
on of a statistically reliable set of data. For
the identification of potential marker pro-
teins, the proteomic dataset is being com-
prehensively analyzed using bioinformatics
and biostatistical approaches. Established
methods such as principle component analy-
sis (PCA), cluster analysis and multivariate
statistics are used for the evaluation and
interpretation of the MS datasets.
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Figure 1: Overview preliminary proteome study. Biomaterial (CSF and serum)] from the clinical sites is stored at the
biobank and selected samples from visit 3 to visit 10 were transferred for proteome analysis. PCA of the proteomic

data showed no significant clinic-dependent clustering.
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Figure 2: CD14 abundance in relation to AIS grade
and LEMS.

Currently, 919 CSF and serum samples of 59
patients have been shipped to the Biobank.
After processing [centrifugation, aliquoting,
documentation) a total of 12.747 aliquots
from serum and CSF samples are available in
store. The aim of a first analysis was to check
the quality of the multicentric samples. 75
CSF samples from 5 different study sites were
analysed. The evaluation of the data set using
PCA showed that there was no clinic-depen-
dent clustering and that the sample quality
for quantitative proteomic analyses was suffi-
cient. In addition, evaluation of the data set
showed that previously described SCI related
proteins were detected, e.qg., transferrin, neu-
rofilament, and cathepsin D.

In a second step, CSF aliquots from time
points between 1 and 3 months after injury
(visits V3, V8 and V10] from 49 patients were
shipped to Bochum for subsequent proteo-
mics analyses. Mass spectrometry analysis
confirmed the absence of clustering of
samples indicating excellent quality of the
samples. Within the data set over 300
proteins were identified and 100 proteins
could be used for differential quantitative
analysis (proteins present in all samples no
missing value). By comparing the proteome
profile of the different visits significantly diffe-
rential proteins could be identified. In respect
to the correlation of protein-based biomar-

Heatmap AIS A
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Figure 3: Abundance of detected proteins (each row represents a
different protein) in AIS A subjects (each column represents a
single patient] at three consecutive time points (V3,v8,V10). RED
color coded fields stand for relatively higher abundance, BLUE
color coded fields for relatively lower abundance (referenced to
the mean abundance of each protein).

kers with clinical outcome parameters, neu-
rological outcome parameters were selected.
Comprehensive analysis is underway. As an
example, the expression of CD14 as a marker
for macrophages and microglia shows a clear
correlation with parameters reflecting injury
severity such as AlS grade and lower extremi-
ty motor score (LEMS; Fig.2). Respective
findings - inflammatory reactions increase
with increasing injury severity - confirm the
excellent quality of fluid samples and the
reliability of the employed protein detection
method (mass spectrometry).

In order to better better comprehend proteo-
mics datasets, “heat maps” displaying
protein abundance together clinical assess-
ments including neurological recovery, pain
presentation, structural changes, lab che-
mistry results are being generated, which will
help to identify promising proteins or protein
clusters to be investigated more thoroughly
(Figure 3).

Ongoing analyses have incorporated a
MS-based method for candidate protein vali-
dation, which will be conducted with serum
and CSF samples of the complete study
cohort in order to evaluate the suitability of
protein candidates as outcome and or therapy
response prediction biomarkers.



Neuroimaging

The neuroimaging biomarker is one of the
main WPs in the NISCI clinical trial which is
aimed at developing and applying magnetic
resonance imaging (MRI] as a sensitive
biomarker to treatment effects and potential
adverse effects of the anti-Nogo-A antibody
treatment. We have developed and applied a
quantitative MRI protocol in cervical cord and
brain in the NISCI trial. We use the MRI
Images acquired at baseline and 1 month
and 6-months following the injection, from
NISCI patients to investigate group differen-
ces and the trajectory of lesion changes over
time. The anatomical MRI protocol consisted
of standard sagittal TT-weighted, sagittal
T2-weighted, and axial T2-weighted clinical
scans obtained at the lesion level (Fig. 4). The
brain protocol consists of different micro-
structural MRI, sensitive to myelin and iron
integrity of the tissue. To date, 111 SCI pati-
ents have been scanned for at least one
time-point, applying the developed quantita-
tive MRI protocol.

Acute NISCI
Patient 1, Zurich

Acute NISCI
Patient 1, Bayreuth

Acute NISCI Patient

Lesion segmentation is performed manually
by an experienced rater. We delineate the
lesion on the midsagittal slice from sagittal
T2-weighted scans. This enables us to assess
the lesion area, its rostro-caudal lesion length,
anterior-posterior lesion width and ventral and
dorsal tissue bridges, the sum of both reflec-
ting the total width of tissue bridges l[i.e.,
hypointense regions between the relatively
hyperintense adjacent cystic cavity within the
spinal cord and the cerebrospinal fluid (Pfyffer
D & Vallotton K 2020 JNNP). The interim
results including a sub group of the available
data showed the trajectory of lesion area and
lesion length over time. The lesion area is
significantly decreased with the rate of 0.08
mm/day, p=0.01) and the lesion length was
decreased over time with the rate of (.07
mm/day (p=0.09).

T T

Acute NISCI

1, Nottwil Patient 1, Heidelberg

Figure 4: Overview of the lesion bridges at baseline <14 days post SCI in NISCI patient with traumatic cervical spinal cord injury. Sagittal and
axial T2-weighted scans show the cervical cord lesion from SCI patient recruited in Zurich, Bayreuth, Nottwil and Heidelberg.



Sensors

Characterizing walking patterns
in patients with a spinal cord
injury using wearable inertial
sensors

Charlotte Werner, Armin Curt

An accurate gait assessment during rehabili-
tation can give an insight into the recovery of
motor functions, possibly predict functional
outcomes, and provide guidelines for indivi-
dualized rehabilitation goals. This is of speci-
al interest for patients with a spinal cord
injury (SCI), because depending on the
severity and location of the injury the symp-
toms vary widely resulting in diverse gait
deficits.
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In today’s clinical routine, mainly simple gait
tests are performed to assess walking, e.g.
the six minute walking test (6MWT], providing
only the average walking speed as an outco-
me. In other neurological disorders like
stroke and Parkinson’s disease, movement
sensors have been shown to be a good com-
promise between clinical gait tests and the
so-called gait laboratories to assess also the
qualitative properties of walking [1]. The
application of movement sensors are less
time and resource consuming than mar-
ker-based gait laboratories, but they still
provide spatio-temporal parameters like
stride length and duration, gait phases, and
speed.
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Figure 5: Sensor-based gait analysis of a SCI patient performing the 6MWT. Side view of the left and right ankle trajectories during a gait cycle
AJ one month and B) two months after the injury. Spatio-temporal parameters in comparison to reference data of healthy controls C) one month
and D) two months after the injury.



Sensors

Recently, the Sensor Technology group of the
University Hospital Balgrist developed and
validated a sensor-based gait analysis speci-
fically for patients with a SCI [2]. The propo-
sed algorithm uses shank- mounted inertial
sensors and automatically personalized
thresholds to detect steps and gait events
according to the individual gait profiles. The
method was validated in SCI patients and
healthy controls walking on an instrumented
treadmill while wearing reflective markers
for motion capture used as a gold standard.
The algorithm performed similarly well for
the two cohorts and is robust enough to
cover the diverse gait deficits of SCI patients,
from slow (0.3 m/s] to preferred walking
speeds. Furthermore, we demonstrated that
a sensor-based gait analysis can comple-
ment the 6MWT for patients with a SCI by
providing information on the gait pattern [3].

One example of spatio-temporal parameters
of a SCI patient performing the 6MWT one
month after injury is shown in Figure 5 A and
C. Clearly, the ankle trajectory is for both left
and right side different to reference data
from healthy individuals. The patient walks
with an increase stride and step duration as
well as decrease stride length. Further,
especially in the right side an increased
stride width and reduced stride height is
observed indicating compensatory
movements. One month later (Figure 5B and
5D) the patient shows are more physiological
walking pattern. However, an abnormal
stride height and width is still observed for
the right side.

In future projects we want to investigate how
gait patterns change during rehabilitation
and how this is related to clinical scores such
as the lower extremity motor scores and
sensibility measures. We hypothesize that
wearable inertial sensors can help to better
describe the impact of sensory-motor defi-
cits for functional tasks such as walking. The
results will be a step towards a more perso-
nalized and deficit-oriented therapy using
state-of-the art rehabilitation technology.

Refences:

[1] F. A. Storm, A. Cesareo, G. Reni, and E. Biffi, “Wea-
rable inertial sensors to assess gait during the 6-mi-
nute walk test: A systematic review,” Sensors [Swit-
zerland), 2020, doi: 10.3390/520092660.

[2] C. Werner, C. A. Easthope, A. Curt, and L. Demko,
“Towards a mobile gait analysis for patients with a
spinal cord injury: A robust algorithm validated for

slow walking speeds,” Sensors, 2021, doi:
10.3390/s21217381.

[3] C. Werner, S. Schneider, R. Gassert, A. Curt, and L.
Demko, “Complementing Clinical Gait Assessments
of Spinal Cord Injured Individuals using Wearable
Movement Sensors,” in Proceedings of the Annual
International Conference of the IEEE Engineering in
Medicine and Biology Society, EMBS, 2020, doi:
10.1109/EMBC44109.2020.9175703.




Neuro-urological management

Neuro-urological
in patients with spinal
injury

management
cord

Veronika Birkhauser and Thomas M.
Kessler

Spinal cord injury (SCI) usually results in neu-
rogenic lower urinary tract dysfunction
(NLUTD). The site and nature of the lesion in
the neurological axis determine the type of
lower urinary tract dysfunction (Figure 6),
which is reflected in the patient’'s symptoms.
[1,2]

The aims of the neuro-urological management
are to preserve upper urinary tract function, to
control urinary tract infection, to improve qua-
lity of life, and to maintain a low-pressure blad-
der that is both continent and capable of emp-
tying completely and to avoid complications
such as urethral strictures, calculus disease,
hydronephrosis, and renal failure. [1,2]

The cornerstone of lower urinary tract assess-
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Figure 6: Patterns of lower urinary tract
dysfunction following neurological
disease (with permission from [1]).
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ment is history taking. Keeping a bladder diary
is a highly useful tool in clinical practice since
it provides an objective measure of lower
urinary tract symptoms mirroring day-to-day
reality. Physical examination includes the
abdomen, flanks and external genital organs,
as well as sensation and reflexes in the uroge-
nital area and testing the function of the anal
sphincter and the pelvic floor (Figure 7). Urina-
lysis and urinary culture, free uroflowmetry
(when possible) and measurement of post-void
residual are also part of the basic neuro-urolo-
gical assessment.

Video-urodynamic investigation is crucial to
assess detrusor and bladder outlet function
and it is essential for clinical decision making.
Generally accepted risk factors jeopardizing
the upper urinary tract are high detrusor pres-
sure during storage phase due to low compli-
ance bladder and/or detrusor overactivity
combined with detrusor sphincter dyssynergia
(DSD).  Urethro-cystoscopy combined with
bladder washing cytology is used to detect
urethral and bladder pathologies (e.g. urethral

Suprapontine lesion

+ History: predominantly storage symptoms
» Ultrasound: insignificant PVR urine volume
+ Urodynamics: detrusor overactivity

Spinal (infrapontine-suprasacral) lesion

+ History: both storage and voiding symptoms

» Ultrasound: PVR urine volume usually raised

« Urodynamics: detrusor overactivity, detrusor-sphincter
dyssynergia

Sacral/infrasacral lesion

+ History: predominantly voiding symptoms

+ Ultrasound: PVR urine volume raised

+ Urodynamics: hypocontractile or
acontractile detrusor

Under-
active

Normo-active

Overactive

Under-
active

Underactive



Neuro-urological management
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Figure 7: Lumbosacral dermatomes, cutaneous nerves, and reflexes

(with permission from [1]].
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stricture, bladder stones, bladder tumors,
etc.).

Serum creatinine and estimated glomerular
filtration rate (eGFR) are useful for the initial
evaluation of renal function. However, due to
the reduced muscle mass after SCI serum
creatinine levels may be misleadingly low for
long-term monitoring and serum cystatin ¢
seems to be a more accurate marker of renal
function, although high-level evidence studies
are lacking. The most accurate measurement
is still isotopic GFR.

In daily practice, the neuro-urological
management is based on the clinical and
urodynamic dysfunction pattern. In patients
with detrusor overactivity, the therapeutic con-
cept Is to convert the overactive into a
normoactive or underactive detrusor. Therefo-
re, antimuscarinics are the pharmacological
treatment of choice. For refractory neurogenic
detrusor overactivity, intradetrusor onabotu-
linumtoxinA injections are a highly effective,
minimally invasive, and generally well-tolera-
ted treatment. In the case of failed onabotu-
linumtoxinA treatment, patients are candida-
tes for more invasive therapies (e.g. augmen-
tation, cystectomy with continent or inconti-
nent urinary diversion).

In the case of stress urinary incontinence due
to low bladder outlet resistance, electrical
stimulation of the pelvic floor can help to resto-
re urinary continence in patients with incom-
plete lesions. In some patients, the implantati-
on of a sub-urethral sling or an artificial
urinary sphincter may become necessary.
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In patients with an underactive/acontractile
detrusor and/or with DSD, intermittent
self-catheterization is recommended to assist
bladder emptying. Passive voiding by abdomi-
nal straining (Valsalva manoeuvre) or, particu-
larly, by suprapubic downwards compression
of the lower abdomen (Credé manoeuvre] is
not recommended since it creates un-physio-
logical and high intravesical pressure, which
puts the upper urinary tract at risk. Neverthe-
less, some patients are not able and/or not
willing to perform intermittent self-catheteriz-
ation and therefore an indwelling transurethral
or suprapubic catheter is potentially the only
alternative.

In SCI patients, regular follow-up is essential
since NLUTD is often not stable. The EAU
Guideline on Neuro-Urology? provides strong
recommendations to perform urodynamic
investigation as mandatory baseline diagnostic
intervention, to instigate further, specialized,

EMSCI at RadboudUMC

Dear EMSCI members,

Thank you for the opportunity to become the
EMSCI coordinator in the RadboudUMC. As
Henk van de Meent is leaving our hospital, he
suggested to ask you if | could be his succes-
sor. | am very honored you agreed and will do
my utmost to continue and widen our long
lasting partnership.

A short introduction:

| finished my PhD in 2014 and in several
studies, | have used the EMSCI data. For an
orthopaedic surgeon, | am thus quite famili-
air with the ins and outs of the EMSCI and
obviously | am currently working as a spine
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investigation in the case of any significant clini-
cal changes, to perform a physical examinati-
on and laboratory urinalysis every year. Also,
the upper urinary tract should be assessed at
regular intervals. However, due to a lack of
high-level evidence studies on uniform
follow-up schedules, a rather individualized,
patient-tailored approach is needed for this
special patient population to achieve an opti-
mum quality of life and to protect the upper
and lower urinary tract.[1,2]

Refences:

[1] Panicker JN, Fowler CJ, Kessler TM. Lower urinary
tract dysfunction in the neurological patient: clinical
assessment and management. Lancet Neurol 2015;
14:720-32.

[2] Groen J, Pannek J, Castro Diaz D, Del Popolo G,
Gross T, Hamid R, Karsenty G, Kessler TM, Schneider
M, t Hoen L, Blok B. Summary of European Associati-
on of Urology (EAU) Guidelines on Neuro-Urology. Eur
Urol 2016; 69:324-33.

surgeon in both the RadboudUMC and the
Maartenskliniek SCI-rehab center. This gives
me the opportunity to have a full insight in
the “chain of dedication” concerning tSClI
management, acute care up to the complete
rehab program.

I'm looking forward to being an active
member of the EMSCI community again and
I'm looking forward to some interesting
discussions during the EMSCI meetings!

Lastly, | would like to take this opportunity to
thank Henk again for all his time and effort
he has put in the EMSCI project! In addition,
I would like to thank all the EMSCI members
for their continuous effort in making the
EMSCI such a great project!
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Save the date

DMGP annual meeting
22-25.06.2022 in Bad Wildungen

ISCoS Annual Scientific Meeting

15-18 September 2022 - Vancuver Convention Cerntre -Canada
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