Hydrocephalus Treatment AESCULAP

The Need for Action

-- Aesculap Neurosurgery

TAKE THE HEADACHE OUT OF TREATING HYDROCEPHALUS

Shunts are life-saving devices, but despite long-term experience with shunt implantation and the continuing development of
shunt technology, they are known for their high failure rates'. Furthermore, conventional shunts fail to address the posture-
dependent gravitational effects that influence shunt performance. Overdrainage-related complications can necessitate

a variety of revisions which are burdensome for patients as well as their healthcare teams, and are accompanied by
unavoidable perioperative risks®. In addition, a healthcare system's responsibility not only includes better patient outcomes,
but also an expectation to focus on sustainability from a business and operations perspective.

FAILURE RATES AND COMPLICATIONS
High failure rates continue to overshadow the effectiveness of COMPLICATIONS’ "

shunts®. It is generally estimated that 40% of shunts fail within B Obstruction (46.9%)
two years and 98% within 10 years', with no difference between

. . . B Migration (14.0%)
conventional valves* and programmable valves®.

M Fracture (11.8%)

HIGH FAILURE RATES! Improper Placement (8.1%)
Overdrainage (6.3%)

B Miscellaneous (4.0%) \

B No Evidence of Malfunction (8.8%)

About one in four patients experiences at least one complication®.

4090

98%

ACCIDENTAL REPROGRAMMING

Pressure settings of adjustable valves can be unintentionally
Proportion of shunts Proportion of shunts reprogrammed by low-intensity magnetic fields, which are
failing within 2 years failing within 10 years ubiquitous in today's environment. Smartphones', headphones™,

hearing devices®* %, tablet devices'?, nurse badges®* and even toy
High failure rates overshadow the effectiveness of shunts'.

magnets' ™ have been shown to change the pressure settings
Nearly every fourth shunted patient is affected by complications, ACCIDENTAL REPROGRAMMING0-14
and there has been little improvement in reducing these

complications®. The most common cause for complications is _ //// \\\
obstruction within the catheters or valve’. A relatively high
frequency of non-traumatic subdural hematoma, a potential o2
L . 6 Mobile devices
complication of overdrainage, has also been reported®.

MECHANICAL FAILURE \\\ ///
Mechanical failure is the most common cause of multiple \\\\ ///

Headphones Toy magnets

shunt revisions®, with catheter or valve obstruction being the
predominant reason’. Failure of individual shunt components may
also occur, e.g., at stress points or due to poor design®. adjustable shunt valves.

External magnetic fields can change the pressure settings of
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of adjustable shunt valves. The optimal pressure setting of the
adjustable valves is of great importance to the patient. Therefore,
it comes as no surprise that the possibility of accidental valve
adjustments in everyday life is a cause of concern and leads to
great uncertainty among patients and doctors alike.

IMPLICATIONS FOR HEALTHCARE SYSTEMS

Numerous follow up examinations and revisions could have large
implications for hospitals. With the focus on improving patient
safety, lowering costs and better patient-physician interactions,
healthcare systems must work toward producing better patient
outcomes, streamline patient experiences and improve health
system efficiencies. In addition, healthcare systems also have a
responsibility towards physician wellness.

EACH PATIENT IS UNIQUE

When choosing valves it is important to select a valve for each
patient individually according to the type of hydrocephalus

and underlying condition(s), physical attributes as well as the
anticipated postoperative management needs'. Each patient with
hydrocephalus is unique and requires customized setting of the
valve opening pressure.

Are patients getting optimal individualized treatment?

Patients differ with respect to the effective hydrostatic pressure
difference between the ventricular system and the abdominal
cavity, the major driving force of overdrainage. Selection of the
optimal opening pressure of the valve is complex, hence the
potential for patient-valve mismatches.

Necessary corrections of patient-valve mismatches, overdrainage-
related complications, and high rates of shunt revision require
time-consuming follow-up examinations and reoperations, which
are burdensome for patients and are inevitably associated with
perioperative risks. They also put an additional strain on the
already limited time of physicians and surgeons, who are already
under stress because of an ever-increasing workload'® and limited
consultation time.

Are conventional adjustable valves the best available therapy?

Treatment with conventional adjustable valves always means

finding a compromise:

= Lowering the valve opening pressure in order to achieve a better
patient outcome bears the risk of overdrainage while sitting or
standing.

= The effect of gravity in the upright position is often the cause
of typical overdrainage complications such as hygroma and

AESCULAP

Aesculap Neurosurgery

subdural bleeding, which may lead to severe headaches and
nausea's !,

= Adjusting the valve opening pressure towards higher pressures
to compensate for overdrainage symptoms can lead to
underdrainage in the supine position.

The opening pressure often needs to be adjusted multiple times
until an adequate compromise for fluid drainage between upright
and supine position for the individual patient is found. Other
treatment strategies have been suggested, including lying supine
intermittently throughout the day®® and drug therapy to address
the chronic headaches. However, patients with conventional
adjustable valves almost never benefit from optimal opening valve
pressures in both the supine and upright positions.

There is a better way.

Despite the many individual patient factors, there is one thing
that is 100% certain: all active patients are exposed to the effects
of gravity on cerebrospinal fluid drainage when standing, and

not only for a few hours a day, but up to 16 hours - every day.
Overcoming this posture-dependent gravitational effect may help
to prevent overdrainage and could address other factors that can
lead to complications, such as shunt obstruction'®. This leads to
improvement of patient outcomes.

YOUR SOLUTIONS

Gravitational shunts provide neurosurgeons with a tool to

address the posture-dependent effects of gravity, one that has
demonstrated good patient outcomes and a significant reduction of
overdrainage events'®®". In addition, the economic benefit of using
gravitational shunt systems is significant based on the reduction

in revision surgeries, which can lead to reducing healthcare costs,
improving quality of life for the patients, but more importantly,
allowing hospitals to focus their resources in service areas that are
sustainable from a business and operations perspective®.

Gravitational valves (GV) improve patient outcomes
compared to differential pressure valves (DP)*'.

Symptom improvement >2 points on Kiefer-Scale.

18%

Daily improvement rated good/very good on Black-Scale.

[ -

25%
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BETTER OUTCOMES

Clinical studies have shown that Miethke gravitational shunts
reduce the risk of revisions. They exhibit a high rate of shunt
survival across all age groups, with valve survival rates as high as
90% at 12 months™ and above 80% after 2 years®. For infants, a

AVOID REVISIONS™

Valve survival rates up to 90% at 12 months

group known to have a higher rate of complications than adult patients,
an 849% survival rate was observed®. In patients with gravitational
valves, the risk of overdrainage was reduced by 36% compared to
conventional valves, i.e., one additional overdrainage complication in
every third patient undergoing shunting can be prevented by using

a gravitational valve?'. A recent study demonstrated that implanting

a secondary gravitational valve in patients with <10 lifetime shunt
revisions resulted in a 67.3% decrease in catheter obstruction at one
year, and 43.3% at five years. In patients with 10 or more lifetime shunt
revisions, obstruction rate decreased by 75.8% and 65.6% at one and
five years, respectively™.

AVOID COMPLICATIONS?

4300 7%

overdrainage rate
with conventional
valves

overdrainage rate with
gravitational valves

Implanting a gravitational valve avoids one additional

overdrainage complication in about every third patient.
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BETTER DESIGN

All Miethke valves are manufactured with high precision from
titanium. The strength of titanium allows for a low profile while
maintaining optimized flow paths. The rigid housing makes the
titanium shunt valves unsusceptible to subcutaneous pressure.
Titanium is considered an excellent choice for biomedical
applications with high biocompatibility?. In addition, titanium is
MR conditional®.

MIETHKE GRAVITATIONAL VALVES
T

Made from Titanium

for high MRI- and
biocompatibility

Rigid housing
unsusceptible to
subcutaneous pressure

BETTER PROTECTION

Current evidence suggests that a delay in treatment is harmful

for the patient?, even when the delay is as short as three

months?. Especially infants with hydrocephalus, whose brains

are still developing, the primary treatment choice and possible
complications have a significant impact on the long-term success®
For example, infants who received a gravitational shunt as part of
a shunt revision had a lower rate of shunt survival than those with
a primary implantation of a gravitational shunt®, stressing the
importance of optimal primary treatment choice.

BENEFIT FROM PRIMARY IMPLANTATIONZ¢

22%

higher survival of
gravitational valves after
primary vs secondary
implantation

Patients with hydrocephalus benefit from early treatment

with gravitational valves.
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OPTIMIZE - DON'T COMPROMISE

The critical issue in shunt technology is to simulate the posture-
dependent hydrostatic pressure change' ?’. Gravitational shunts,
which compensate for posture-dependent hydrostatic pressure
changes, can mitigate overdrainage' . In the horizontal position,
the gravitational valve opens completely and does not contribute
to the overall flow resistance, while in the vertical position, the
flow resistance is determined by both the gravitational valve and
the differential pressure valve.

Supine position:
not add to valve opening O
pressure O Upright position:
Gravitational
valve increases
L I valve opening
| | pressure
with Miethke gravitational shunts can lower the number of
shunt revisions due to over and underdrainage' ?® and improve
gravitational shunts have been shown to be effective in treating
hydrocephalus in infants?®. Miethke gravitational shunts can
for the supine position. The optimal opening pressure for each
patient when standing and when lying can be set independently-

Gravitational valve does

Q-
Clinical practice has shown that using programmable valves
symptoms and the overall daily function?. Furthermore,
compensate for overdrainage without compromising the setting
without needing to compromise.

DON'T LET MAGNETIC FIELDS BOTHER YOU

The unintentional reprogramming of valves by low-intensity
magnetic fields is of great concern for patients, their families and
physicians alike. How can one be sure
that a valve will not be reprogrammed
accidentally? The key question is
whether the programmable valve itself
is protected from reprogramming by the
strong fields generated during MRI. If
the magnetic fields of an MRI system
cannot reset the setting, then low-
intensity magnetic fields should also
have no influence. Programmable Miethke valves have an 'Active-
Lock mechanism" which protects them from reprogramming by
magnetic fields of up to 3 Tesla.

Protected against
reprogramming
up to 3 Tesla
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M.blue™ Valve - THE NEXT SHUNT GENERATION

Born out of 26 years of shunt excellence, the M.blue Valve was
created. When developing a hydrocephalus valve which offers
an optimal individual treatment, it is crucial to focus on the
customization of the opening pressure during the active time

of the day, i.e., the upright body position. After fixed pressure
gravitational valves and adjustable gravitational valves, the
M.blue Valve provides neurosurgeons and patients with the next
generation of hydrocephalus valves operating in a position-
dependent manner and addresses the preference towards a
SIMPLE, UNITIZED, ALL in ONE version.

TAKE THE HEADACHE
OUT OF TREATING HYDROCEPHALUS

The Miethke proSA® Valve was the first gravitational valve which
could be programmed for variable degrees of overdrainage

control. It demonstrated good clinical outcomes in adolescent

and adult hydrocephalus patients®® ', which was attributed to

the valve gravitational technology®'. The number of revisions

and complications were also lower compared to other valves®.

The postoperative adjustability of the opening pressure level is
regarded as a key advantage of this gravitational valve®'. The
overall verdict is that the proSA Valve is reliable, helpful and safe’’.

The M.blue Valve takes the proSA Valve to the next level,

by combining the adjustable gravitational unit with a fixed
differential pressure unit. Together, these two units automatically
adjust the opening pressure depending on the patient's body
position. For particularly challenging forms of hydrocephalus,
requiring an even greater flexibility in treatment, the M.blue plus®
Valve is available. Partnering the adjustable gravitational unit
with an adjustable differential pressure unit enables customizable
pressures based on the patient's body position.

BETTER CONTROL.
BETTER TECHNOLOGY.
BETTER PROTECTION.
BETTER OUTCOMES.
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