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In this month’s Neuro-Urology News 
Interview with the Expert, we high-
light Dr. Margot Damaser and her 
work on a novel and wireless ambula-
tory urodynamics device, which was 
recently published in Journal of Urolo-
gy.  We discuss her work leading up to 
the current device, the present study, 
and its implications.  Below is the in-
terview, edited for length and clarity. 

Dr. Glenn Werneburg: What are the 
limitations of urodynamics studies, 
and what was the impetus for the 
wireless bladder monitor’s develop-
ment?

Dr. Margot Damaser: My training is 
as an engineer.  My PhD thesis was 
on bladder biomechanics, and I’ve 
been in urology departments my en-
tire career.  I even had a urologist on 
my thesis committee.  Early on, it was 
very kind of a patient and a clinician 
to allow me to watch urodynamics 
being performed.  I thought “Is this 
the state of the art?”  What made my 
jaw drop was the use of catheters, the 

retrograde filling, the discomfort and 
distress of the patient.  The fact that 
the patient couldn’t void around the 
catheters, or reproduce the symptoms 
that were bothering her at home.  This 
was in the mid-90’s.  Ever since then, 
I’ve wanted to improve the situation.  
I’ve always thought of ambulatory 
urodynamics as a Holter monitor for 
the bladder, and have wondered why 
we don’t have such a device.  That was 
the impetus for development.  

For years, I’d discuss ideas with com-
panies in industry at the AUA and 
other meetings.  I’d often ask whether 
they’d consider development of a wire-
less device.  One year, they said “Oh 
yes we have wireless.”  But the wire-
less to which they were referring was 
a setup wherein the patient remained 
catheterized, and the wires connect-
ed to a transducer that sent the data 
wirelessly.  This was an incremental 
improvement – indeed it improved 
patient privacy, but not to the extent of 
the wireless urodynamics device that I 
had in mind.
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GW: How many iterations of the device 
have there been leading up to the cur-
rent prototype?  What challenges have 
you faced along the way?

MD: There have been a number of it-
erations.  Likely there have been 5 or 6 
major, and each of these included many, 
many minor iterations and designs.  Back 
in Chicago, I started working with a 
company to add pressure sensing to their 
device, but this did not pan out.  Then, 
when I came to Cleveland, I connect-
ed with electrical engineering partners 
at Case Western Reserve University.  In 
order to separate ourselves from other 
companies in the space, our first idea 
was to put a tiny, more permanent, cir-
cuit between the uroepithelium and the 
detrusor wall.  The purpose was not diag-
nostic, but to provide feedback to a neu-
romodulation system.  The idea was to 
get it out of the urinary stream, to reduce 
stone risk.  And the thought was that, 
once healed, infection would also be less 
of a risk. This didn’t work, not because of 
technology, but because we found that 
the urothelium would grow out behind 
the device and push it into the lumen.  I 
call that “Physiology: 1, Margot: 0”.  We 
started over.  By then, years had passed, 
and we then changed our design to an 
intravesical design.  To develop this, we 
worked together in an innovations de-
sign program, which consisted of sever-
al hours-long intensive design meetings, 
consisting of brainstorming and prioriti-
zation.  That’s how we arrived at our cur-
rent design.

GW: What is the current design of the 
wireless bladder monitor, and what is 
the design of the present study?

MD: The current design of the device is 
flexible electronics in a silicone tube.  The 
tube casing is pre-stressed, so it natural-
ly curls, but can be straightened out.  So 
the idea is that it is straightened out for 
insertion, and once in the bladder lu-
men where it is not subject to the same 
straightening force, it curls up.  The curl 
is both to prevent it being voided out, and 
to prevent it from obstructing the outlet, 
two of our design criteria.  There is a 

balance between too small and too large 
– the engineers tell us they can make it 
smaller, but this may get voided out.  The 
device has an internal battery by design.  
That is the only stiff component of the 
device.  The battery allows it to contin-
uously transmit data to a radio that is on 
the outside.  The UroMonitor itself does 
not store data on board, rather it trans-
mits its data via a radio and antenna that 
is put in a pocket.  We chose this design 
because we wanted a device that could be 
pulled out by the patient, and not require 
a second office visit for removal.  The de-
vice has a string that emanated from the 
urethra, much like a stent string or tether.  
This can be pulled out by the patient very 
easily, and discarded.  Because there are 
no data on the device, this can be safe-
ly disposed of by the patient.  The radio 
could then provide communication to 
either a computer or display, or even to 
a neuromodulation system for feedback.

We designed the study, which was just 
published in Journal of Urology, to test 
acute short term comfort of the patient – 
during the insertion, the indwelling time, 
and the removal.  The device gently rests 
on the bladder neck.  As a unit, it is neu-
trally buoyant, but it orients itself right-
side-up based on an empty part on its 
top.  It doesn’t float, but it gently rests.  So 
there was the question, which we couldn’t 
answer during animal studies: “Given 
that the bladder trigone is well innervat-
ed, would it be irritating to the trigone?”  
Our other main questions were: “Will it 
become obstructive to voiding? and “Will 
it will get voided out?”

This study was in women because inser-
tion was much easier.  We’ve since devel-
oped an insertion technique for men, and 
are about to embark on a similar study in 
men.  The second aim of the study was 
to assess the wireless bladder monitor 
data against simultaneous urodynamics.  
We wanted fully-sensate individuals, so 
they could report pain or discomfort.  
We didn’t want any confounding pain, 
so patients with pelvic pain were exclud-
ed from the study.  We included women 
who were referred for urodynamics who 
had suspected overactive bladder, who 

did not have any diagnosed neurological 
issues.  This is unlikely our final popula-
tion for the use of this device, but it met 
the goals and needs of this study.  

We obtained participants’ baseline uro-
dynamics first, then removed the cath-
eters and inserted the device.  We then 
evaluated the bladder cystoscopically 
to ensure acceptable device placement.  
Then we replaced the urodynamics cath-
eters, and performed the urodynamics 
again with the wireless bladder monitor 
in place.  We next removed the urody-
namics catheters, and allowed the partic-
ipant to walk around while drinking wa-
ter.  Again, there are no catheters or wires 
in this scenario.  I recall the first patient – 
she was walking around, drinking water, 
talking, reporting, and finally she needed 
to void.  She walked to the bathroom in 
privacy, voided, and during this we were 
looking at the data in real time via Blue-
tooth from the radio, on the computer.  
This was a first!  No catheters, no wires, 
just privacy.

GW: What were the main findings in 
the study?

MD: We found that from the wireless 
bladder monitor data, we were able to 
identify just about all of the urody-
namic significant events.  These includ-
ing non-voiding contractions, coughs, 
and Valsalva.  We had two urological-
ly-trained individuals to go through the 
urodynamics and the UroMonitor data to 
identify events.  We analyzed the data in 
this way, to determine if the UroMonitor 
was sensitive enough to pick out urody-
namics events as detected by tradition-
al urodynamics.  There were only two 
missed events, and they were both missed 
because of radio transmission dropouts.  
These issues can be resolved with some 
funding investment to improve the elec-
tronics.  The most painful part of the 
study, by the participants’ reports, was 
the cystoscopy.  The placement of the de-
vice was adequate every time.  Thus, we 
since have dropped the cystoscopy por-
tion of the protocol based on these data.  
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GW: Did any participants share their 
experience regarding their levels of 
comfort with the wireless bladder mon-
itor device versus their urodynamics 
catheters?

MD: Several participants noted that if 
they just had the wireless bladder moni-
tor, they’d be much happier about coming 
in to get the testing.  As they were walking 
around, especially with the first few – we’d 
ask 
“What does it feel like?”  And again, this 
wasn’t blinded, and people were probably 
hyperfocused on their bladder, but com-
monly they’d say “Yes, I can feel some-
thing – it feels like something inside, 
but not painful”. And I’d say, “Could you 
imagine yourself going about your daily 
activities with this?” “Do you think you’d 
be able to forget about it?”  And every one 
of them would say “Oh, yes.” 

GW: Do you think the wireless bladder 
monitor has the potential to replace 
standard urodynamics?

MD: It could…eventually.  The goal of 
this effort is for people be able to use it at 
home, even though that was not part of 
this initial study.  Part of the design of the 
initial study was to keep the risk low with 
the initial device, given that it was the 
first-ever instance of this testing.  Home 
is a much less controlled situation.  Again, 
I think of it like a Holter monitor.  There 
are reasons to do an EKG in the hospi-
tal, and a Holter monitor often follows 
the EKG.  If there’s something suspicious 
on EKG, then a clinician might send a 
patient home with a Holter monitor.  At 
least initially, that is how I see the wireless 
bladder monitor.  If the symptoms cannot 
be reproduced on urodynamics, a clini-
cian may send them home with the wire-
less bladder monitor device.  And then, 
depending on the quality and usability of 
the data in the very uncontrolled home 
environment, the wireless bladder mon-
itor could potentially replace urodynam-
ics.  

GW: Can you speak about the implica-
tions for research?  Teams are making 
headway with functional MRI to inves-

tigate the pathophysiology of voiding 
dysfunction, and often a practical lim-
itation is the ability to perform urody-
namics together with functional MRI in 
real time given space and wiring issues.  
Is the device currently compatible with 
MRI?  Could it be modified to become 
MRI-compatible?

MD: It is not currently MRI compatible, 
primarily because of the battery.  We’d 
need to either come up with a non-metal-
lic battery design or power it externally, 
which are possible. This would take some 
design modifications.  But, I think it has 
useful research potential even before that 
goal is achieved.  For me, it really gets at 
this idea of being able to understand what 
the bladder is doing at home, and opens 
up many questions that could be asked.  
One question I want to figure out how 
to study, is a tough one, which will likely 
require multiple studies to answer.  The 
ultimate questions are “Outside of urody-
namics, what is the real threshold in neu-
rogenic bladder for renal dysfunction?  
How relevant is a 40 cm H2O threshold 
at home?  Is there a time constraint?  Is 
having vesical pressure above 40 cm H2O 
for a short period less dangerous than 
a longer period?  Is a period of >40 cm 
H2O during voiding OK? Or is the 40 cm 
H2O not relevant at all in the ambulatory 
or home setting, and only relevant during 
the standard urodynamics study?  A study 
designed to answer these questions would 
be difficult to design prospectively, given 
the need to wait for somebody to develop 
renal dysfunction.  That’s why I think we’d 
need to stage the investigation, and ask an 
easier to question to answer first.

GW: As an inventor, please take us 
through the process of development.  
Starting with an idea, like you had back 
in the 90s, and taking us through all 
the way to the clinical implementation 
of the idea, like the current device pro-
toype.

MD: How long do you have?  I’ll give you 
highlights.  An important part to keep in 
mind is the massive number of failures.  
I told you about the one, “Physiology: 1, 
Margot: 0”.  But there have been many 

other failures.  Keep the faith, hang in 
there, and learn from the failures.  Fail 
soon, learn from it, and move on.  Don’t 
be emotionally attached to each design.  
That’s all part of the game.  We’ve made 
it a point to have clinical input at every 
iteration of our design from the very be-
ginning. So that’s a highlight, and really 
how we set the design criteria – by hav-
ing urologists, electrical engineers, and 
biomedical engineers in the same room.  
This would be over repeat meetings.  

We set some design criteria.  For exam-
ple, being able to remove the device at the 
end of testing and throw it out.  As we dis-
cussed, that would be important for the 
patient to not require a repeat visit.  Rath-
er than having them remove a mini-USD 
card or something from the device that 
had just been indwelling, they can just 
throw out the whole device.  But the engi-
neers might have said, “Yes we’ll just store 
everything on the USD card and save it 
when we’re done.”  So it’s always been a 
back and forth between the clinicians and 
the engineers to find that middle ground.  
Finally, keeping your eyes on the prize 
is important – the goal was always this 
concept of this unobtrusive home moni-
toring, and identifying the stages to get us 
there.  And then we also had tech-trans-
fer people from Cleveland Clinic Inno-
vations involved very early as well.  They 
were able advise on what is patentable and 
not patentable, and what it would take to 
get from this design to a patent.  What 
could they support and not support?  
This is important because protecting the 
intellectual property before you publish 
and present is key to commercialization.  
With this in mind, we didn’t present for a 
long time.  We would present failures, so 
it looked like we were failing.  But no one 
knew we had picked up and started over 
with successful subsequent prototypes.  
Like in any research program, finding 
the money, finding the research support, 
finding a way to convey the idea appro-
priately to secure funding can all be chal-
lenges along the way.  There were many 
times that things would need to stop until 
we could procure more funding to make 
hires, or start new projects, and then we 
would start up again.
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GW: What advice do you have for 
junior INUS members who are in-
terested in embarking on a career 
with a neuro-urological focus?

MD: Your ideas are valuable, they 
have a future.  Just because one 
funding source decides not to fund 

you, it doesn’t mean your ideas are 
not valuable.  Keep the faith, keep 
your ideas, pick yourself up and try 
it again.  Research is a long-term 
game.  Whether it’s basic research, 
or translatable device development 
research, it doesn’t matter.  If you’re 
coming up with something new, 

it’s going to take a long time to get 
there, so hang in there.  Talk to ex-
perts who can point you in the right 
direction.   Put in the work and don’t 
let failures get you down.
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Marcio A. Averbeck received his medi-
cal degree from the Federal University of 
Pelotas, Brazil (2003). His specialization 
in Urology (Medical Residency Program) 
was obtained in 2008 from the Federal 
University of Health Sciences of Porto 
Alegre, Brazil. From 2008 to 2010, he was 
a member of the kidney and pancreas 
transplantation team at Santa Casa Hos-
pital Complex, in Porto Alegre. In 2009, 
he was awarded a scholarship from the 
European Association of Urology (EAU)/
European Urological Scholarship Pro-
gram (EUSP) and his Clinical Fellowship 
in the Neuro-Urology Unit in Innsbruck, 
Austria, hosted by Prof. Helmut Maders-
bacher. 
 

Since he came back to Brazil, Dr. Aver-
beck has become involved with resident 
training at Presidente Vargas Women’s 
and Children’s Hospital in Porto Alegre. 
Dr. Averbeck also has an appointment 

as invited Professor at Unisinos Univer-
sity (Porto Alegre, Brazil). He obtained 
his Master’s Degree and his PhD in 
Health Sciences from the Federal Uni-
versity of Health Sciences of Porto Alegre 
(2011/2017). In 2014, he was invited to 
take over as Head of Neuro-Urology at 
Moinhos de Vento Hospital (affiliated 
with Johns Hopkins Medicine Interna-
tional).
 
Dr. Averbeck is a founding member of 
the International Neuro-Urology Society 
(INUS) and worked previously as INUS 
Secretary. He has been elected INUS 
Treasurer last year, during the Annual 
Meeting in Innsbruck. Marcio Averbeck 
is also an active member of several med-
ical associations/societies, including the 
American Confederation of Urology 
(CAU), European Association of Urolo-
gy (EAU), International Consultation on 
Incontinence Research Society (ICI-RS), 
International Continence Society (Dep-
uty-Chair of the ICS Standardization 
Steering Committee), American Urolog-
ical Association (AUA) and the Brazilian 
Urological Society (Head of International 
Affairs).
 
Dr. Averbeck has published dozens of 
articles and  several book chapters in the 

field of neuro-urology. Additionally, he 
took part as editor of the SBU Urody-
namic Atlas (2015) and the SBU-INUS 
Manual of Neuro-Urology (2017).
 
His main areas of interest are neuro-urol-
ogy/neurogenic lower urinary tract 
dysfunction, BPH-related bladder dys-
function, neuromodulation techniques, 
and post-prostatectomy urinary inconti-
nence.

Outside of the world of neuro-urology, 
Dr. Averbeck enjoys playing the guitar 
and street running. He is married to a 
television journalist and has two sons.

Dr. Averbeck 
with his wife 
and sons

Dr. Averbeck during a recent road 
race.

@marcioaverbeck
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Foreword
Neuro-Urology News is interested 
in featuring trainees in its Litera-
ture Review section.  The INUS 
Board is accepting submissions 
for this section from any basic sci-
ence or clinical trainee around the 
world.  In this issue, Dr. Aidin Abe-
di discusses two neuro-urological 
articles.  The first, by Choksi et al., 
aimed to elucidate the association 
between white matter tract disrup-
tion and the symptomatic profile 
of patients with neurogenic low-
er urinary tract dysfunction and 
multiple sclerosis.  In the second 
article, Krhut et al. sought to char-
acterize the functional brain acti-
vation patterns that resulted from 
motor-threshold peroneal and tib-
ial nerve stimulation techniques. 

Introduction
In tandem with the progress in the 
field of neuroscience, our field of 
neuro-urology has taken signifi-
cant strides in understanding the 
central nervous system (CNS) 
mechanisms of neurogenic low-
er urinary tract dysfunction. This 
progress is attributed not only to 
advancements in neuroimaging, 
but also to the efforts of multidis-

ciplinary teams led by neurourolo-
gists specializing in these areas. 

Until recently, the role of the spinal 
cord in neurogenic lower urinary 
tract dysfunction has remained 
elusive, partially due to the ab-
sence of functional imaging tech-
niques. However, one emerging 
research theme involves evaluating 
the impact of various neuromod-
ulation methods on functional 
brain activation patterns and iden-
tifying functional and anatomical 
correlates of urinary dysfunction 
in specific patient subgroups. The 
selected articles in the literature 
review section of this issue focus 
on two distinct but relevant top-
ics. One explores the structural 
disruption of CNS tracts to eluci-
date pathology, while the other is 
focused on the functional brain 
activation patterns associated with 
neuromodulation paradigms. To-
gether, these articles illustrate how 
neuroimaging can advance our 
field in different ways.

 
Choksi, D., Schott, B., Tran, K., 
Jang, R., Hasan, K. M., Lincoln, J. 
A., ... & Khavari, R. (2023). Dis-

ruption of specific white matter 
tracts is associated with neuro-
genic lower urinary tract dys-
function in women with multiple 
sclerosis. Neurourology and Uro-
dynamics, 42(1), 239-248.

Despite the prevalence of neuro-
genic lower urinary tract dysfunc-
tion (NLUTD) among individuals 
with multiple sclerosis (MS), its 
management remains challenging 
and treatment response is often 
poor. Due to its sensitivity, mag-
netic resonance imaging (MRI) 
plays a well-established role in the 
diagnosis and monitoring of MS. 
However, conventional MRI lacks 
specificity in patients with a con-
firmed MS diagnosis and may not 
reveal white matter tract (WMT) 
changes related to dysfunction or 
recovery. In contrast, diffusion 
tensor imaging (DTI) is a special-
ized technique capable of detect-
ing WMT lesions that may appear 
normal on conventional MRI de-
spite the presence of focal pathol-
ogy.

@Aidin_MD
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In this study, Choksi et al. aimed to illus-
trate the correlation between WMT dis-
ruption, as determined by DTI, and the 
symptomatic profile of MS patients with 
NLUTD. To this end, patients underwent 
urodynamic assessment, MRI scans, and 
completed the Urogenital Distress In-
ventory (UDI-6) and Incontinence Im-
pact Questionnaire (IIQ-7). The study 
comprised two cohorts of adult women 
with stable MS and NLUTD, alongside 
11 healthy volunteers who served as con-
trols. The researchers utilized mean dif-
fusivity (MD) and fractional anisotropy 
(FA) to quantify the structural organiza-
tion of tracts. The analysis revealed sig-
nificant differences in both FA and MD 
among all tracts between the first cohort 
and the control group, both scanned 
using a 3T MRI. This finding highlight-
ed the limitation of such an analysis for 
assessing WMT lesions in MS patients, 
emphasizing the need for a correlative 
approach. In this context, the research-
ers identified the tracts with the largest 
number of robust clinical correlations, 
such as the left medial lemniscus and 
left anterior limb of the internal capsule. 
Subsequently, they validated these find-
ings in a smaller cohort using 7T MRI. 
While acknowledging certain study lim-
itations, including the inherent com-
plexities of interpreting DTI indices and 
the variable impact of inflammation on 
AD over time, the authors have clearly 
demonstrated that DTI parameters cor-
relate with clinical indicators of bladder 
dysfunction in MS. These findings sug-

gest that DTI could potentially serve as 
a biomarker during the management of 
this chronic condition. 
Krhut, J., Tintěra, J., Rejchrt, M., 
Skugarevská, B., Zachoval, R., 
Zvara, P., & Blok, B. F. (2023). Dif-
ferences between brain responses to 
peroneal electrical transcutaneous 
neuromodulation and transcuta-
neous tibial nerve stimulation, two 
treatments for overactive bladder. 
Neurourology and Urodynamics.

With the rising number of studies 
exploring the impact of neuromod-
ulation on lower urinary tract dys-
function, it becomes increasingly 
important to understand the central 
mechanisms underlying these treat-
ments. In this study, Krhut and col-
leagues sought to characterize and 
compare the functional brain acti-
vation patterns resulting from mo-
tor-threshold peroneal and tibial 
nerve stimulation techniques. 

Twenty-two healthy adult women 
participated in this study and under-
went functional MRI while receiving 
neurostimulation or using a sham de-
vice. The sequence of stimulation ex-
periments consisted of three blocks, 
each lasting eight minutes. The first 
block involved sham stimulation, fol-
lowed by the second block involving 

peroneal electrical transcutaneous 
neuromodulation® (eTNM®), and fi-
nally, the third block involved trans-
cutaneous tibial nerve stimulation 
(TTNS). Each block comprised a se-
quence of 30 seconds of stimulation 
followed by 30 seconds of rest. 
Through their analysis, they identi-
fied commonalities and differences in 
the activated brain regions among the 
three experimental conditions. Fur-
thermore, they identified the regions 
with significant differences in voxel 
size among the three stimulation mo-
dalities, including areas in the brain-
stem, cerebellum, and putamen that 
yielded a larger number of activated 
voxels during peroneal stimulation. 
Lastly, they performed a functional 
connectivity analysis, demonstrating 
that the signal correlation between 
basal ganglia and the limbic system 
was more pronounced during pero-
neal stimulation compared to tibial 
nerve stimulation. This finding in-
dicated a distinction in connectivity 
profile between these two stimula-
tion methods.  Low enrollment in 
this study was a limitation. The study 
sheds light on how alterations in su-
praspinal activity patterns may play 
a role in mediating the effects of pe-
ripheral nerve stimulation on bladder 
function.
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