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1) Abstract

The treatment of hydrocephalus is the most time-consuming, and arguably
the most important, role of the pediatric neurosurgical service at most childrens’
hospitals. Despite many technological advances, cerebrospinal fluid (CSF) shunting
procedures remain the mainstay of hydrocephalus treatment. While often
lifesaving, CSF shunting procedures are associated with high complication rates and
account for a disproportionate share of health care expenditures and morbidity.

Programmable CSF shunt valves, through which CSF flow and pressure can
be adjusted by quick and painless transcutaneous reprograming, have been
implanted for more than 15 years in the developed world. Reprogramming these
valves relies on rotational magnetic forces, which are easily and painlessly applied
by neurosurgeons and neurosurgical advanced practice providers. Inadvertent
reprogramming (IR) can occur when patients with these valves are exposed to
magnetic fields in their environment, which may lead to serious symptoms that may
require urgent reprogramming and/or surgery.

The concurrent proliferation of magnetically sensitive programmable CSF
shunt valves and household items that generate substantial magnetic fields has
caused concern among patients, parents and providers about the potential
consequences of inadvertent valve reprogramming. This growing concern led the
FDA in 2014 to issue a warning to individuals with programmable valves, which
deemed programmable valves safe for use but vulnerable to IR when household
devices such as tablets or cell phones are placed within 2 inches of them. The FDA
recommended further study, stating that no systematic evaluation had been
performed regarding the prevalence of accidental valve adjustments and the
implications thereof.

By evaluating each of our patients with magnetically susceptible CSF shunt
valves, during each of their routine points of contact with our service, we aim to
define the prevalence of inadvertent shunt reprogramming, to correlate IR with the
presence or absence of symptoms and radiographic changes, and to evaluate the
risk of inadvertent shunt reprogramming based on exposure to common
environmental items.

2) Objectives

We intend to evaluate all patients 21 years old and younger with
magnetically susceptible CSF shunts, specifically those with Strata (Medtronic,
Dublin) valves implanted. All evaluations will be performed during routine patient
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care in the hospital, the emergency department and in our outpatient facilities.
Valve settings will be checked transcutaneously in the standard manner, before and
after any MRI studies. Our specific aims are:

a.

d.

JHMIRB eFormA 01

Aim #1: For hydrocephalic children with Strata CSF shunt valves,
what is the frequency with which their valves have had inadvertent
reprogramming (IR)?

Aim #2: For hydrocephalic children with Strata CSF shunt valves,
does the field strength of MRI scanning correlate with the likelihood
that the shunt valve will change during the MRI study?

i. Hypothesis 2a: Exposure to 3T MRI will cause inadvertent
Strata valve reprogramming more often than 1.5T MRI

Aim #3: For hydrocephalic children with Strata CSF shunt valves, are
patients who have had their valve inadvertently reprogrammed more
likely to have signs, symptoms or radiographic changes suggestive of
shunt malfunction than patients who have not?

i. Hypothesis 3a: Patients with Strata valve IR will be more likely
to have clinical signs or symptoms of shunt malfunction than
patients who have not had IR.

ii. Hypothesis 3b: Patients with Strata valve IR will be more
likely to have radiographic findings of shunt malfunction than
those who have not had IR.

Aim #4: For hydrocephalic children with Strata CSF shunt valves, are
patients exposed to devices that may have sufficient electromagnetic
charge to affect programmable valves more likely to have their CSF
shunt devices inadvertently reprogrammed by these devices than
patients not exposed to those devices?

i. Hypothesis 4a: Patients with Strata valve IR will be more likely
to have been exposed to household items that have been
previously shown to electromagnetically affect shunt valve
settings in vitro than those who have not had IR.

ii. Hypothesis 4b: Patients with Strata valve IR will have been
exposed more frequently to household items that have been
previously shown to electromagnetically affect shunt valve
settings in vivo than those who have not had IR.

iii. Hypothesis 4c: Patients with Strata valve IR will be more likely
to have had their shunt valve within 2 inches of
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electromagnetically charged devices than those who have had
the devices placed farther from the valve.

3) Background
Scope of the Problem: Hydrocephalus

The treatment of hydrocephalus in the United States has been estimated to
account for $1 billion in annual health care costs. 3¢ Hospital care for children with
hydrocephalus in the U.S. accounts for nearly 40,000 admissions per year, resulting
in over 400,000 hospital days per year. 4% The hospitalization costs for the care of
preterm infants with post-hemorrhagic hydrocephalus alone average nearly
$500,000 per patient in the U.S.

While the treatment of hydrocephalus in children accounts for only 0.5% of
hospital admissions in the US, it accounts for 1.8% of all hospital days and 3% of all
hospital charges in pediatric facilities. 40 Even though the treatment of
hydrocephalus is critical to long-term quality of life and requires resources
disproportional to its prevalence, NIH funding for hydrocephalus research is
relatively low compared to funding provided for other medical conditions with a
similar health care burden. 13

Hydrocephalus Treatment

Pediatric hydrocephalus is caused by numerous etiologies ranging from
congenital malformations, hemorrhage related to prematurity, infection, brain
tumor, trauma, spina bifida and other nervous system anomalies. 27 Hydrocephalus
can resolve without cerebrospinal fluid (CSF) diversion in some cases, such as when
a brain tumor is resected or minor hemorrhage resolves in a premature infant.
However, CSF diversion of some sort is usually required in the majority of pediatric
patients with hydrocephalus.

Surgeons have performed CSF diversionary procedures for over 100 years,
diverting flow from brain or spinal CSF spaces to a different organ space.4¢ Early
efforts to divert CSF were met with frequent complications, primarily related to the
implantation of a mechanical foreign body that was particularly prone to infection,
occlusion and over drainage. Technological advances have vastly broadened the
options available to surgeons, with resulting improvements in patient outcome.
Most notably, the advancement of endoscopic techniques has allowed surgeons to
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create internal CSF diversionary pathways, which can eliminate the reliance on an
implanted mechanical device which is prone to failure, 11

Even though technological advances have provided surgeons and patients a
much wider array of treatment options, the mainstay of treatment of hydrocephalus
remains the CSF shunt. 1144 Most CSF shunts function by diverting CSF from the
intracranial ventricle to another body part, most often the peritoneum, where CSF
can be absorbed. Early CSF shunts were not flow regulated, resulting in erratic flow
rates and resulting complications. 1144 Modern shunts have an intervening valve
system that regulates the flow of CSF, reducing the problems of over- and under-
drainage that result from the gravitational effects of postural changes. Since the
first valved shunt device was implanted in 1949, innumerable ingenious and useful
modifications of shunt valve design have been developed in an effort to maintain an
intracranial pressure that provides optimal symptom relief while minimizing
complications. 1144

Despite these technological advances, CSF shunt failure is still common, with
two-thirds of all shunts implanted requiring at least one revision within 10 years of
implantation. 1144 CSF shunts can fail for a number of reasons, including
misplacement, infection, or mechanical failure. 1144 Mechanical failure commonly
results from blockage, kinking, or breaking of the shunt tubing, resulting in raised
intracranial pressure that requires surgical revision. Complete valve blockage can
also occur, but symptoms of over- and underdrainage resulting in neurological
symptoms is a much more common form of valve malfunction. 1144 These flow-
related neurological symptoms can have serious detrimental effects. 1144

Most technologic efforts to improve shunt patency and flow-related
symptoms have been directed toward the design of a valve that will maintain an
intracranial pressure (ICP) that is ideal for each individual in all positions and
circumstances. 12 Hundreds of valves have been developed over the past 50 years,
with most technological variations focusing on the regulation of CSF flow. Valves
manufactured during the first half century of development were of a fixed pressure,
meaning that they were made to try to maintain a certain pressure at all times. Each
of these valve types were manufactured for various pressure thresholds, realizing
that the ideal pressure often varies by patient age, size, and the ventricular size. 44
Unfortunately, predicting the ideal valve for an individual proved difficult,
particularly in the growing pediatric patient. Because each implanted valve had a
set, fixed pressure, changing the valve required a surgical procedure with all of its
inherent risks.

Programmable valves were developed to personalize flow and pressure
characteristics of the CSF shunt without the need for an operation to replace the
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valve. These valves were designed to be adjustable using magnetic devices applied
to the patient’s skin. The application of a simple magnetic device to the skin’s
surface allows a quick and painless way to adjust the pressure settings—an
appealing and much less risky alternative to an operation.

CSF shunting with Programmable Valves

The conceptual appeal of programmable valves has led to its widespread use
in the developed world for over 15 years, with dozens of technological variations
marketed and adopted by surgeons. The Codman Hakim valve (Depuy Synthes,
West Chester, PA) and the Strata valve (Medtronic, Ireland) are the most commonly
implanted programmable CSF shunt valves worldwide, with Strata valves more
commonly implanted by pediatric neurosurgeons in the United States. 44

Pediatric neurosurgeons’ initial clinical experience with programmable
valves confirmed the theoretical advantages of quick and painless transcutaneous
adjustment of CSF shunt flow and pressure. Korinth et al. found that transcutaneous
adjustments of valve pressure in neonates allowed greater flow during initial wound
healing, which led to less operations and possibly lower infection rates. 22
Kondageski et al. found fewer problems with over drainage with programmable
valves, while Jallo et al. and other authors found a reduction in the need for shunt
revision when programmable valves were utilized. 21242831

Surgeons’ enthusiasm for the use of these intuitively appealing
programmable shunts has been tempered by larger studies with longer follow-up, as
well as inherent technical problems with the valves themselves. In some series, the
use of programmable valves did not reduce shunt revision rates 538, while others
found that the use of programmable valves was actually associated with an
increased rate of reoperation. 27 Two randomized controlled trials failed to
demonstrate a difference in the need for shunt reoperation based on whether a
programmable or fixed pressure valve was inserted. 10.19.37

Programmable valves, having more components and moving parts than fixed
pressure valves, have also been found to be more prone to mechanical failure.
Studies have shown that programmable valves are more likely to jam, crack, or
break, and they may be associated with more skin breakdown because they can
have a higher profile than many fixed-pressure valves. 7 Because most
programmable valves are adjusted by applying a rotating magnetic field directly
over the device, their setting is often affected by the large magnetic field of an MRI
study. 81623.262948 This MRI susceptibility, coupled with the fact that MRI is the
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diagnostic study of choice to assess shunt function, leads to mandatory valve checks
by health care providers after each and every MRI study.

Programmable valves are more prone to mechanical failure, and require an
added burden for providers and parents. Even so, they are still widely utilized by
clinicians worldwide. Surgeons question the validity of published research on this
topic, with most studies reporting class Il or Il data. ¢ Even the applicability of the
randomized controlled trial data regarding programmable valves has been
questioned because of significant patient heterogeneity and a limited sample size. ¢
Many surgeons believe that the intuitive theoretical advantages of the
programmable valve may be useful for a subset of patients, particularly young
infants, patients with very large ventricles or patients who seem to be particularly
sensitive to variations in intracranial pressure. 44

Inadvertent Reprogramming of CSF Valves

Alarge and growing number of programmable valves have been inserted
worldwide, the majority of which are susceptible to magnetic fields. Manufacturers
have long recommended strict guidelines for the monitoring of valve settings when
patients are exposed to strong magnetic fields, such as those during a typical MRI
scan. 8162948 While parents and clinicians have long been aware of the magnetic
susceptibility during MR, there was very little consideration initially given to the
risks of magnetic field exposure in patients’ daily life. However, the proliferation of
household devices containing magnetic components has increased concern about
the risk of inadvertent valve reprogramming during routine exposure to magnetic
fields in our environment.

Non-MRI related inadvertent shunt valve reprogrammings have gained
interest among clinicians, researchers and parents. Small case series and case
reports of clinical events have emerged over the past decade, as well as several in
vitro experimental studies of the effect of gravitational fields on various shunt valve
designs. (Table 1) Many household objects commonly used by children and young
adults, such as tablet devices, magnetic toys, cell phones, and headphones, have
been linked to inadvertent valve reprogrammings. 1
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Device Notes
iPad 1543 | Magnetic cover may increase risk
Headphones 4! | Bose > Beats, Earbuds
Magnetic toys 24849 | A wide variety, small and large
Cell phone 34 | Particularly smartphones
Handheld portable games 32 | Nintendo DS
Vagus nerve stimulator magnet 1417 | Patients with shunts can also have
VNS

Transcranial magnetic stimulation 25
Cordless drill 1
Close contact with television 46 | Direct contact
Amusement park rides 42 | Magnetic fields or gravitational
forces

Direct trauma to valve 303539

Magnetic Induction therapy devices | Prominent in Japan
33

The frequency with which programmable valves become inadvertently reset
as a result of environmental exposure is has not been systemically studied and is
largely unknown. A literature review by the FDA in 2012, as well as a more recent
exhaustive review by our study group, failed to identify a study that carefully
evaluated a population of patients with CSF shunts to define the prevalence of
inadvertent valve reprogrammings, regardless of symptoms. ! However, other small
studies have clearly shown that IR does occur.

Most previous studies point to IR discovered during clinical evaluations for
possible shunt malfunction, not evaluating each patient systematically regardless of
their clinical status. Kestle et al. found that the Strata valve had an “unexplained
change in performance level” 25 times in a total of 22 patients in their 315-patient
multicenter study. 20 More recently, Kondageski et al. from Great Ormond Street
Hospital found that 7 of 24 (29%) patients closely followed with programmable
valves were found to have had IR: two were believed to have been related to
trauma and 5 had no identifiable cause.2! Other less comprehensive studies, which
likely reported only accidental reprogrammings that were discovered when a shunt
malfunctioned, reported IR in 0% and 10% of patients. 3.6:1837.48

Because IR may not cause symptoms severe enough to prompt clinical
and/or radiographic evaluation, the lack of a systematic study leaves the true
prevalence unknown. 20 [Rs have repeatedly been shown to cause symptoms of
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over- or underdrainage, requiring valve reprogramming or surgery for replacement.
274647 One patient was reported to have attempted suicide by deliberately
reprogramming his shunt valve using a handheld degausser. 45 Fortunately, there
are no known cases of death that have resulted from IR to date. !

The concurrent proliferation of magnetically programmable CSF shunt valves
and household devices containing magnets led to a recent FDA warning and
recommendation related to IR of CSF shunt valves. 1 In its 2014 report, the FDA
deemed programmable valves safe and did not advise patients to avoid using
specific electronic devices or magnets. Based on its identification of 83 non-MRI
related IRs of programmable valves in the literature, and its independent study of
the field strengths of commonly used household devices, the FDA did, however,
make recommendations regarding the way household products are used in patients
with programmable CSF shunt valves. The agency qualified its recommendations
based on future testing, but at this time it has recommended that household items
with potential magnet fields be kept at least two inches from adjustable CSF shunt
valves. 1

Growing concern among patients and parents of children with
programmable valves has led to U.S. patent applications for devices to help shield
these valves from magnetic fields and to the establishment of companies to sell
headbands and hats to provide a magnet shield for programmable valves.

Manufacturers continue their efforts to design shunt valves that are less
sensitive to magnetic fields. However, most of these MRI-resistant devices have not
been widely adopted. If and when safer programmable valves are developed and
widely implanted, patients and surgeons will be forced to debate the necessity of
replacing the old MRI-susceptible valves with newer valves that are less likely to be
inadvertently reprogrammed. The implications of such a decision are not trivial,
because even a simple operation to change a CSF shunt valve carries most of the
usual risk of shunt surgery. Having knowledge of the true prevalence and
implications of IR will help patients and health care providers make better decisions
about the necessity of changing a CSF shunt valve when newer, safer models are
widely available.

Study Objectives

We intend to systematically study our patient population with magnetically
susceptible programmable shunts to define the prevalence and consequences of IR,
which will enable patients and health care providers to make more informed
decisions about the importance of avoiding magnetic fields in household devices
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and the necessity of surgery to replace a magnetically susceptible CSF valve to a
different version that is less likely to inadvertently reprogram.

4) Study Procedures
Participants

Patients 21 years of age and younger, with Strata valve CSF shunts, who are
being evaluated by the All Children’s Hospital (ACH) neurosurgical service as part of
standard of care, will be eligible for participation during the three-year enrollment
period. Each time an eligible patient has contact with the neurosurgical service
their valve will be checked for possible inadvertent reprogramming in the
outpatient facilities, emergency department, and inpatient setting. Patients will
have their valves checked as part of this study during each encounter. Only patients
who were evaluated by the neurosurgical service and returned to their normal
environment more than seven days prior to their current encounter will be eligible
to have their valves rechecked as part of this study.

Eligible Participants and Consent

Evaluating IR and making correlations between exposure to MRI or
environmental magnets and symptoms and radiographic changes (when available)
will require the patient or family to complete a brief questionnaire. It will then
require the study team and delegated providers to check the valve setting before
and after MRI, and to gather clinical information from the medical record and from
the current clinical evaluation.

Each patient’s initial enrollment will require the acquisition of an informed
consent, which will cover all future evaluations of IR during the three year study
period for that patient. However, every time a patient enrolled in the study
encounters the neurosurgical service, all study steps will be performed, including
the valve check before and after MR], the participant’s completion of the
questionnaire, and the research staff's completion of the data sheets.

Sequence of Evaluations

Once informed consent is obtained, eligible patients will complete the
questionnaire and eligible study personnel will check the current valve setting
transcutaneously (5-15 seconds). Ideally, the valve check will be performed after
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the questionnaire is complete, in order to blind the family members to whether or
not an IR has occurred. If checking the valve prior to questionnaire completion is
necessary for clinical reasons, the patient and their family will be kept unaware of
the valve setting. For patients undergoing MRI as part of their evaluation, their
valve will be rechecked shortly after the MRI and the data recorded. Study
personnel will then complete the two-page data sheet, which requires the
compilation of data acquired during a routine neurosurgical evaluation. Any
adjustments to the valve, which will be dictated by the routine care of the patient,
will be recorded as well.

Personnel Performing Evaluations

Most research evaluations will be performed by the members of the
neurosurgical team at ACH as part of their routine clinical care. We anticipate the
questionnaire administration and pre-imaging valve checks may be performed by
delegated care providers when patients are undergoing MRI evaluations prior to
their typical contact with the neurosurgical team.

We anticipate MRI staff being our delegated providers for questionnaire
administration and the initial valve setting check. We have discussed this role for
the MRI staff with the Chief of Radiology and the radiology staff, none of whom
believe their role in this study will add significant time or burden to their current
responsibilities. Some current MRI staff have been checking Strata valve settings for
many years in order to facilitate patient care. They do not anticipate significant
difficultly training additional personnel in MRI.

As part of this study, all participating MRI staff (technologists and nurses)
will receive standardized training by the principal investigator, neurosurgeons or
neurosurgical advanced practice providers prior to evaluating the Strata valve
unsupervised. We plan to train all appropriate staff, to check their proficiency, and
for the neurosurgical staff to be available in case of questions or uncertainties at all
times (there is 24/7 neurosurgical provider coverage at ACH). We do not anticipate
difficulties in training our delegated study personnel: valve checks are quite easy,
quick and painless for the patient. In fact, non-medical personnel can be trained in a
matter of minutes on the proper technique to check a valve setting.

Patient/Family Questionnaire and Initial Shunt Valve Check

Patients (or their parents) will complete the attached questionnaire, which
was designed to evaluate the family’s knowledge of the current valve setting,
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whether or not they feel the child is having symptoms of shunt malfunction, as well
as their knowledge of the MRI susceptibility of their valve. Specific questions about
the frequency and proximity of exposure to devices and circumstances that have
previously been associated with IR will also be assessed.

Study personnel will check the valve setting, without divulging any
information to the family about where the valve is currently set, in order to
minimize patient or family bias when they are completing the questionnaire.

Shunt Data Sheet Completion by Study Personnel

A wide range of clinical factors routinely gathered during neurosurgical
evaluations will be recorded on a two-page data sheet at the time of each evaluation
performed as part of this study. Data regarding documented valve settings,
previous purposeful reprogramming, signs and symptoms of shunt malfunction, and
the radiographic evaluation of the patent’s ventricles will be recorded (see attached
study personnel data sheet). Only factors routinely evaluated during typical
neurosurgical evaluations will be recorded.

Data Storage and Entry

Patients will be assigned a study identification number, and all data will be
deidentified and kept in a locked location. Data will be entered into a secure
password-protected database (REDCap) with PHI removed.

Minimal Additional Burden to Patients and Their Families

It should be emphasized that this study is being performed during the
routine evaluation and treatment of patients with Strata CSF shunts. The patient,
the family and their health insurance provider will incur no additional charges as a
result of participation in this study. We do not plan to recruit patients from outside
the ACH system to seek care with us in order to participate in this study.

While completion of the questionnaire and data sheets are not part of the
routine care rendered to a patient with a Strata CSF shunt, valve checks are a
routine part of the care of all patients with a Strata CSF shunt. The current practice
at ACH, and at most childrens’ hospitals in the U.S,, includes checking and making
necessary adjustments to Strata valves each and every time a patient undergoes an
MRI evaluation. As part of this study, we will also check (but not adjust) the shunt
valve before an MRI is performed, in order to assess whether or not IR has occurred.
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Checking the valve setting transcutaneously before MRI is painless and quick (5-15
seconds).

We do not believe patients and their families will feel overly burdened by the
extra valve check and the completion of the questionnaires. Most questionnaires
will likely be completed by parents, which could be completed while their child is
preparing for their MRI. Most patients and their families with Strata valves are
accustomed to frequent valve pressure checks, with the vast majority of them not
bothered at all by the process. We anticipate the addition of one additional shunt
check will not prove burdensome or uncomfortable for them.

5) Inclusion/exclusion

All patients with a Strata valve CSF shunt, who are 21 years of age or
younger, will have the option to participate in this study. Patients who are over 21,
those without a Strata valve CSF shunt, or those patients in whom the Strata valve is
not checked prior to MRI scanning will be ineligible for the study. In addition, only
patients who were evaluated by the neurosurgical service and returned to their
normal environment more than seven days prior will be eligible to have their valves
rechecked as part of this study.

6) Drugs/Substances/Devices

A transcutaneous reprograming device will be used to evaluate the
magnetically susceptible CSF shunt devices. This is a quick and painless procedure.
These valve-checking devices are currently distributed in many sites in the hospital
and the outpatient facilities because they are used as part of the routine care of
patients with Strata CSF shunts.

7) Study Statistics
Limited Previous Prevalence Studies

The true prevalence and the implications of IR of programmable CSF shunts has not
been previously defined or thoroughly studied. Most previous studies point to IR
discovered during clinical evaluations for possible shunt malfunction, not evaluating
each patient systematically regardless of their clinical status. Kestle et al. found that
the Strata valve had an “unexplained change in performance level” 25 times in a total
of 22 patients in their 315-patient multicenter study. 1° More recently, Kondageski et

JHMIRB eFormA 01
Version 3 Dated: 06/2007



Date: _ 4/19/2016 V.2
Principal Investigator: _Gerald Tuite, MD
Application Number: _[RB00093490

JHM IRB - eForm A - Protocol

al. from Great Ormond Street Hospital found that 7 of 24 (29%) patients closely
followed with programmable valves were found to have had IR: two were believed to
have been related to trauma and 5 had no identifiable cause.2® Other less
comprehensive studies, which likely reported only accidental reprogrammings that
were discovered when a shunt malfunctioned, reported IR in 0% and 10% of patients.
3,6,17,36,47

Anecdotal information from ACH and other centers participating in the current
study estimate that IR may be as high as 20% in patients without signs or symptoms of
shunt malfunction based on evaluations that have been done outside of a formal study.
Sample size estimates vary widely, depending on the true prevalence of IR we
encounter. If IR is more frequent that we anticipated, we may obtain meaningful
results with a smaller sample size than expected. Conversely, a lower prevalence of IR
could result in larger sample size requirements. The duration of the study could be
affected by the true prevalence of IR, which is largely unknown at this point.

Statistical Considerations

The statistical analysis will be supervised and performed by Ernest Amankwabh,
PhD and his colleagues at the ACH/JHM CTRO. Demographic and clinical
characteristics will be reported by IR status and compared using x2 or Fishers exact
tests for categorical measures and t-test or Mann-Whitney U tests for continuous
measures.

Aim #1: The frequency of IR will be calculated as the number of hydrocephalic
children with Strata CSF shunt valves who had IR divided by the total number of
hydrocephalic children with Strata CSF shunt valves.

Aim #2: The association between the field strength of MRI scanning and IR will be
determined using unadjusted and adjusted generalized estimating equation models
that account for multiple evaluations of participants. IR will be a binary outcome
variable (IR present vs IR absent) and the field strength of MRI (3T vs 1.5T) will be the
predictor variable. The adjusted model will include potential confounders that will be
selected based on prior knowledge of factors established to be associated with IR as
well as additional factors with p-value <0.1 in univariate analyses.

Aim #3: We will compare the proportion of patients with signs, symptoms or
radiographic changes suggestive of shunt malfunction between the IR and no IR
groups using x2 or Fishers exact tests for categorical measures and t-test or Mann-
Whitney U tests for continuous measures

Aim #4: The association between devices that may have sufficient electromagnetic
charge to affect programmable valves and IR will be determined using unadjusted and
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adjusted generalized estimating equation models that account for multiple
evaluations of participants. IR will be a binary outcome variable (IR present vs IR
absent) and the devices (exposed vs non-exposed) will be the predictor variables. The
adjusted model will include potential confounders that will be selected based on
prior knowledge of factors established to be associated with IR as well as additional
factors with p-value <0.1 in univariate analyses.

Sample Size Estimation

The sample size estimation for the study is based on the association between IR
and devices that may have sufficient electromagnetic charge to affect programmable
valves. We estimate that the frequency of exposure to the devices in patients with IR
is 10 to 30% and on average each patient may be evaluated at least three times.
Based on these estimates, we will need 996 participants to have 90% power at the
two-sided alpha level of 0.05 to detect an odds ratio of 2.0 assuming an exposure
frequency of 10% (most conservative estimate). If the exposure is 30% we will need
399 participants to obtain the same effect estimate (see Table X below).

Table - Sample size required for different frequencies of exposure, alpha=0.05 (two-
sided), power=90% and odds ratio=2.0

Frequency of exposure (%) | 10 | 15 | 20 | 25 | 30

Sample size | 996| 692 542 455| 399

A sample size of 996 will allow us to estimate IR frequency (Aim #1) of 5% with a
precision of 1.4% (using a 95%CI).

Interim Analyses and Possible Early Termination of Study

There are a number of factors that may lead to early termination of the study,
including difficulties estimating the number of encounters per center as well as the
true frequency of IR. Each center listed in the study has made estimates of their
current Strata valve interrogation rates, but they can vary widely by month. Also,
because the true prevalence and the implications of IR are unknown, estimating an
adequate sample size to show an association between device exposure and IR is
difficult.

We have budgeted for enough encounters to reach the sample size adequate to
predict IR with reasonable precision. Our calculations suggest that 996 encounters
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will be necessary. We budgeted for 1,215 encounters to allow for difficulties we may
face related to a multiplicity of encounters per patient, to possible inaccuracies in valve
assessment, or due to inevitable human error.

In order to address these difficulties in estimating a necessary sample size, the
coordinating center will carefully follow data trends. The study coordinator (LT) will
work closely with Stephanie Lee and Ernest Amankwah to report interim results to the
ACH study group at least every six months. If strong statistical associations between
IR and the other factors being studied can be made with lesser sample sizes, the study
will be terminated ahead of schedule and the results will be published promptly.

8) Risks

There is a slight risk of loss of confidentiality of the participants’ information.
Every effort will be used to minimize this risk. Protected health information will be
removed prior to data entry with the exception of date of service. Data will be stored
on a secure server, and hard data will be stored in locked cabinets.

9) Adverse Event Reporting

Because this is a non-interventional study, and because death, unplanned
hospitalizations, and events prolonging existing/planned hospitalizations are
unfortunately expected in shunted hydrocephalus patients, such events (which
would meet federally-defined Serious Adverse Event [SAE] criteria in an FDA-
regulated study) will only be reported to the IRB if such events are both unexpected
and related to the research (e.g, attributable to evaluation of magnetically
susceptible CSF shunt device via a transcutaneous reprogramming device).

10) Benefits

There is no direct benefit for the participants for being in this study.
However, this study will help others in the future to determine which everyday
electronic devices can alter magnetically susceptible CSF shunt valves and how best
to reduce the chance of this happening to others.

11) Payment and remuneration

There will be no payment to the participant.
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12) Costs

There will be no cost to the participant.
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