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CSF SHUNT FLOW ENHANCER, METHOD FOR GENERATING. CSF FLOW IN
SHUNTS AND ASSESSMENT OF PARTIAL AND COMPLETE OCCLUSION OF CSF
SHUNT SYSTEMS
SPECIFICATION
CROSS-REFERENCE TO RELATED APPLICATIONS

This PCT application claims the benefit under 35 U.S.C. §119(e) of Provisional
Application Serial No. 61/396,044 filed on May 21, 2010 entitled CSF SHUNT FLOW
ENHANCER, METHOD FOR GENERATING CSFFLOW IN SHUNTS AND ASSESSMENT
OF PARTIAL AND COMPLETE OCCLUSION OF CSF SHUNT SYSTEMS and under 35
U.S.C. §119¢(e) of Provisional Application Serial No. 61/458,969 filed on December 6, 2010
entitted SHUNT OCCLUSION DETECTION DEVICE and all of whose entire disclosures are
incorporated by reference herein.

BACKGROUND OF THE INVENTION

1. FIELD OF INVENTION

This present invention generally relates to cerebrospinal fluid shunts and, more
particular, to a device and method for testing for the presence, absence and/or rate of flow in the
shunt tubing implanted under the skin.

2. DESCRIPTION OF RELATED ART

The Surgical Management of Hydrocephalus

Hydrocephalus is a condition of abnormal cerebrospinal fluid (CSF) homeostasis,
resulting in an accumulation of CSF in the brain ventricles. Approximately 69,000 people are
diagnosed with hydrocephalus each year in the United States, most commonly as a congenital
condition, making it one of the most common birth defects [1]. Untreated hydrocephalus leads to
progressive neurological dysfunction and death.

The most commonly used treatment for hydrocephalus is diversion of CSF from the
ventricles to the peritoneal cavity by means of a permanent prosthetic shunt. A CSF shunt is
comprised of a valve connected to a tube. The proximal end of the tube is surgically inserted
into the ventricle of the brain, and runs subcutaneously through the body into the abdominal
cavity (Fig. 4). There are approximately 300,000 shunted hydrocephalus patients in the US.
41,000 [3] shunt procedures are performed each year, approximately 12,000 of which are new
shunt placements [4].

Improved materials, diagnostic, and treatment technologies, have improved shunt therapy

since the 1970s [14]. However, shunt failure is still almost inevitable during a patient’s life. The
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one-year failure rate of ventriculoperitoneal shunts has been estimated to be approximately 40%
[15, 16], and the mean period to failure of an implanted shunt is typically only 5-10 years [17].
Obstruction of the ventricular catheter, usually from tissue ingrowth or clots, is overwhelmingly
the greatest cause of shunt failure [4, 15, 18-20]. Shunt failure can rapidly progress to life-
threatening elevation in intracranial pressure, so revision surgery, and re-placement of the
blocked ventricular catheter is indicated. More than half of all shunt procedures in the United
States are revisions [1, 4].

However, since catheter replacement surgery carries risks of life-threatening
complications such as infection or embolism, a need for shunt revision needs to be reasonably
established. The problem is that the usual clinical manifestations of shunt failure, such as
headaches, vomiting, or loss of vision, are non specific and are difficult to differentiate from
common, less serious illnesses, particularly in pediatric patients. This leads to two extremes of
management: patient families who present persistently at emergency rooms for every headache
or flu symptom, and patient families who dangerously dismiss symptoms of a shunt blockage as
acommon ailment. A study at the Children’s Hospital of Philadelphia (CHOP) [4] indicates that
three false alarms are seen for every true shunt malfunction. There is a need for objective
methods to evaluate suspected shunt obstruction.

New Methods for Diagnosing Shunt Obstruction are Needed

An unacceptably high number of hydrocephalic children still die as a result of shunt
malfunction, primarily because of a failure to identify shunt blockage at an early stage [14]. The
early diagnosis of shunt obstruction is complex and difficult. While a number of shunt flow
detection methods are available, none are diagnostic when used alone or are without
complication, and there is little standardization to guide physicians in their interpretation (Table
1). Physical examination of the patient, including pumping of the shunt reservoir, is unreliable
[21]. Measuring CSF pressure by “shunt tap” is invasive, painful, and can be misleading {22,
23]. CT (computed tomography) and MR (magnetic resonance), either alone, or in combination
with plain radiographs, remain the gold standards for diagnosis of shunt malfunction [4, 9].
However, these imaging techniques are static, and so must be performed multiple times to detect
ventricular enlargement. This results in repeated radiological exposures of patients (often
children), a safety concern for pediatric neurosurgeons [40]. Furthermore, the reliability of these
techniques for detecting CSF accumulation has been questioned [9, 24]. For a while,
radionuclide markers were widely used to derive truly dynamic information about CSF flow in

the brain and in shunts [25-27]. However, their promise was never whélly realized, and they are
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not routinely utilized in most clinical settings. Because of the expense and technical complexity

of advanced imaging techniques, they cannot be used to investigate every headache.

| Table 1. Performance of commonly used diagnostic procedures for suspected CSF shunt obstruction

Diagnostic Sensitivity Specificity
Procedure (Detecting No (Detecting Features
Flow) Flow)

Static Imaging Procedures

Expensive, time-consuming, radiation dose. Shunt
malfunction must have gone on long enough for the scan to

CTS 36 68% 90% .. . . L.
can [36] ? 7 detect visible changes, i.e. ventricle enlargement. Rising
concern about radiation.
Expensive and time-consuming. As with CT, the shunt must
X-ray Series [36] 27% 99% have malfunctioned long enough for visible changes to be

detected.

Dynamic Flow Measurements

Method is painful, risks infection and can be inconclusive if

Shunt Tap [37 9% - 56%
unt Tap [37] 9% v blockage is upstream of the tap area.
Radio Isotope Requires an.invasive spunt tap and 24 hour§ lead time for
[38] 80% 53% isotope. This method is considerably more involved than
either the CT or MRI.

The current, non-invasive imaging procedures have relatively low sensitivity and better
specificity — making them reasonable rule-in tests but poor rule-out tests. The invasive
procedures are somewhat better rule-out tests, but are painful and present an infection risk.
Furthermore, children are often sent to CT scans, the most commonly used procedures, when
they present to the emergency room (ER) and such repeat exposure to radiation may be harmful.

Therefore, there remains a simple and reliable method for determining CSF shunt flow
rates that can be interpreted by neurosurgeons and non-neurosurgeons with equal confidence.

All references cited herein are incorporated herein by reference in their entireties.

BRIEF SUMMARY OF THE INVENTION

An apparatus is disclosed for generating flow of cerebrospinal fluid (CSF) in an
implanted CSF shunt having a shunt valve in symptomatic or asymptomatic patiénts. The
apparatus comprises: a housing; a vibrating (e.g., reciprocating, pulsating, etc.) member
disposed within the housing that generates a vibrating force when activated; and wherein the
vibrating member generates pressure and flow of CSF within the CSF shunt when the vibrating
member is placed against the skin and over the shunt valve and when the apparatus is energized
to activate the shunt valve repeatedly.

A method is disclosed for generating flow of cerebrospinal fluid (CSF) in an implanted
CSF shunt having a shunt valve in symptomatic or asymptomatic patients. The method
comprises: applying a displaceable member, disposed within a housing, against the skin over

the shunt valve; and activating the displaceable member to vibrate or pulsate the shunt valve
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repeatedly in order to generate pressure and flow of CSF within the CSF shunt.

An apparatus is disclosed for detecting the degree of occlusion in an implanted
cerebrospinal fluid (CSF) shunt having a shunt valve in symptomatic or asymptomatic, said
apparatus comprising: a pad that is placed against the skin of a patient over the location of the
CSF shunt, wherein the pad comprises a plurality of temperature sensors that are aligned in a
first direction and wherein one of the plurality of temperature sensors is aligned with the CSF
shunt, each of the temperature sensors generating respective temperature data; a vibrating (e.g.,
reciprocating, pulsating, etc.) device that applies pulsation energy against the shunt valve for a
predetermined period when the vibrating device is positioned against the skin over the shunt
valve; and a sensor processing device that is electrically coupled to the pad for receiving
temperature data from each of said temperature sensors, said sensor processing device using said
temperature data to determine the degree of occlusion of said CSF shunt when a temperature
source is applied to said pad for said predetermined period of time.

A method is disclosed for detecting the degree of occlusion in an implanted
cerebrospinal fluid (CSF) shunt having a shunt valve in symptomatic or asymptomatic patients,
wherein the method comprises: applying a plurality of temperature sensors against the skin over
the location of the CSF shunt and aligned in a first direction, and wherein only one of the
plurality of témperature sensors is aligned with the CSF shunt; applying a temperature source
over the CSF shunt and upstream of the plurality of temperature sensors for a predetermined
period; applying a vibrating (e.g., reciprocating, pulsating, etc.) device against the skin
positioned over the shunt valve for applying a pulsation procedure for the predetermined period
of time; collecting temperature data from the plurality of temperature sensors during said
predetermined period of time; determining the degree of occlusion in said CSF shunt based on
said collected data.

A method is disclosed for tracking shunt resistance in order to detect possible
cerebrospinal fluid (CSF) shunt obstruction in a CSF shunt, having a shunt valve, implanted
within a patient, wherein the method comprises: applying a plurality of temperature sensors
against the skin over the location of the CSF shunt and aligned in a first direction, and wherein
only one of the plurality of temperature sensors is aligned with the CSF shunt; applying a
temperature source over the CSF shunt and upstream of the plurality of temperature sensors for a
predetermined period; applying a vibrating (e.g., reciprocating, pulsating, etc.) device against the
skin positioned over the shunt valve for applying a pulsation procedure for the predetermined

period of time; collecting temperature data from the plurality of temperature sensors during the
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predetermined period of time; identifying a maximum temperature drop; and comparing the
maximum temperature drop to a look up table that correlates shunt resistance therewith.
BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

The invention will be described in conjunction with the following drawings in which like
reference numerals designate like elements and wherein:

Fig. 1is a partial illustration shown in section of the micro-pumper device of the present
invention disposed over the CSF shunt valve dome under skin of a patient and being used in
conjunction with an exemplary CSF flow evaluation system, also referred to as “ShuntCheck”
thermo dilution flow detector (also referred to as “CSF ESPA”™);

Fig. 1A is a functional block diagram of the re{/erse side (i.e., side applied against the
skin of the patient) of the CSF ESPA portion of the present invention;

Fig. 1B shows how the measurement pad portion of the CSF ESPA is placed on the
patient’s skin while being located over the shunt tube (shown in phantom) beneath the skin and
electrically coupled to the CSF analyzer portion of the CSF ESPA;

Fig. 1Cis an isometric view of the measurement pad portion of the CSF ESPA using an
insulation housing that encloses an ice source, e.g., an ice cube, for providing a temperature
SOuICe; ’ |

Fig. 2 is a sectional view of the micro-pumper placed on the skull over the CSF shunt
valve dome;

Fig. 3 is an enlarged isometric view, shown partially, of the ShuntCheck micro-pumper
device;

Fig. 4 is an illustration showing anatomy of a typical CSF VP shunt;

Fig. 5 is an illustration showing a temperature drop {ls flow rate typical for the
ShuntCheck thermo-dilution method and wherein the recorded temperature change is linearly
correlated with flow rate through a subcutaneous shunt;

Fig. 6 is an illustration showing a bench-top setup used to test shunt patency;

Fig. 7is an illhstration showing bench-top model used to study thermal effects related to
CSF shunt flow;

Fig. 8 is an illustration showing thermal response agreement between bench-top model
and animal experiments;

Fig. 9 is an illustration showing bench-top model used to study ShuntCheck thermo-

dilution method in conjunction with ShuntCheck micro-pumper device;
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Fig. 10 is an illustration showing comparison between thermal responses obtained by
ShuntCheck thermo-dilution in conjunction with ShuntCheck micro-pumper method on patent
and obstructed shunt; |

Fig. 11 is an illustration showing comparison between thermal responses (absolute
temperature drops) obtained by ShuntCheck thermo-dilution in conjunction with ShuntCheck
micro-pumper method on patent, partially obstructed and obstructed shunt. Results obtained on
several types of CSF valves;

Fig. 12 is an illustration showing a preferred embodiment of the micro-pumper device
wherein the main body (also referred to as “housing”) forms an angle with the foot;

Fig. 13 is an illustration showing a preferred embodiment of the micro-pumper device
wherein the main body is linked with the foot via an elastic membrane; and

Fig. 14 is a sectional view of micro-pumper with a force gauge and LED lights which

indicate the force of the micro-pumper against the scalp —low, good, high.

DETAILED DESCRIPTION OF THE INVENTION

The invention of the present application is a micro-pumper 100 device that can be
used as part of a cerebrospinal fluid (CSF) evaluation system 22 or it can be used as a stand-
alone device for moving CSF. Thus, it should be understood that when used a part of a CSF
evaluation system, the micro-pumper 100 is not limited to any one CSF evaluation system
and that those CSF evaluation systems disclosed herein are by way of example only.

As will be discussed in detail later, the micro-pumper 100 generates pressure within
the CSF in the CSF shunt which in turn causes flow of CSF. The micro-pumper 100 is able
to generate a plurality of small pressure spikes (also referred to as “gentle vibrations™) in the
CSF within the CSF shunt without creating large negative pressures (i.e., suction) at the CSF
shunt tip, located within the brain of the patient. In particular, as shown in Fig. 1, the micro-
pumper 100 is positioned against the skin over the dome portion of the CSF shunt valve.
When the micro-pumper 100 is activated, the shunt valve 110 is gently cycled with a
plurality of pressure spikes that create pressure within the CSF shunt to cause CSF flow
while at the same time avoiding large negative pressures at the tip 141 of the shunt 18
disposed within the brain. In contrast, the current method of activating the shunt valve dome
110 is by having a person manually depress the valve with his/her fingers. The disadvantage
of this method is that the operator creates undersirably large negative pressures at the tip 141

because the shunt valve dome is being strongly depressed at a very low frequency by the
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person. The micro-pumper 100 avoids these problems with its high frequency, low amplitude
activation force on the shunt valve dome 110. As a result, the micro-pumper 100 can be
used by itself to simply cause CSF flow in the shunt 18, thereby relieving pressure and while
doing it safely.

An Exemplary CSF Evaluation System Using the Micro-Pumper 100

When used with a CSF shunt evaluation system 700, the micro-pumper device 100
along with the CSF shunt evaluation system 700 form an invention 20 of the present
application. By way of example only, an exemplary CSF shunt evaluation system 700
comprises a CSF evaluation system pad and analyzer (hereinafter referred to as “CSF ESPA
700 and also referred to as “Shunt Check” or “Shunt Check thermo dilution flow detector”).
It should be understood that other CSF shunt evaluation systems can be used such as those
involving radionuclides.

The method of the present invention is a reliable method for detecting fluid flow and
assessing flow rate in a subcutaneous CSF shunt.

The ability of the CSF ESPA 700 of the present invention 20 to detect no, low, or normal
shunt flow was tested in an animal model and presented to the FDA in support of a 510(k)
submission (cleared, May 2008). Briefly, the animal model incorporated a subcutaneous shunt
through which warmed fluid was flowed at known rates using a positive-pressure pump, and the
ability of the apparatus to detect flow, or the absence of flow was determined by blinded
operators. Test results showed that multiple operators (including neurosurgeons and nurses)
were able to detect the absence of flow in every test (100% sensitivity) when fluid was flowing
at clinically-abnormal rates (0 to 5 ml/hour) through the shunt. The apparatus correctly detected
the presence of flow with an accuracy (specificity) that was flow-rate dependent, varying from
70% (at 7.5 ml/h) to 100% (at 20 ml/h). At a flow rate of 10 ml/h, that approximates
physiological CSF flow [28], the present invention exhibited a 92% accuracy (specificity) in
detecting the presence of flow.

Additionally, the animal model results show that the present invention’s temperature
change data is an indicator of flow rate. As flow rate increases, the temperature drop recorded
by the apparatus increases. As Fig. 5 indicates, this correlation is linear:

These results suggest that the CSF ESPA 700 should have a very high sensitivity, high
specificity and a very high negative predictive value compared to current shunt test procedures
(CT Scan, Shunt Tap and Shunt Series; see Table 1 above), which are only useful clinical

symptoms that are at an advanced stage. Growing concern about radiation build-up due to
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frequent CT scans and the lack of a strong rule-out test for shunt failure, suggest that the CSF
ESPA 700 will be increasingly adopted for assessing shunt function in hydrocephalus patients,
especially in the presence of symptoms of shunt failure.

To meet the need for rapid and sensitive methods for determining shunt function, the
CSF ESPA 700 allows non-invasive detection of cerebrospinal fluid flow through subcutaneous
shunts. As discussed in detail below, the CSF ESPA 700 uses thermal convection technology -
detecting a transcutaneous change in temperature as cooled cerebrospinal fluid flows through the
subcutaneous portion of a ventriculoperitoneal shunt.

The CSF ESPA 700 comprises a single use disposable thermosensor which is placed on
the skin over a subcutaneous shunt and a PDA based handheld device (the BioDisplay), also
referred to as the CSF analyzer 704, which analyzes temperature data from the thermosensor and
provides a time-temperature graph and a flow or no-flow result. The thermosensor is adhesively
placed on the skin where the shunt crosses the clavicle. Ice is placed on the skin, "upstream” of
the CSF flow from a thermosensor, to cool the CSF in the shunt. Thermosensors placed over the
shunt detect the change in temperature as cooled fluid flows beneath them. The presence of
flowing fluid is interpreted as a decrease in temperature detected by the thermosensors, while no
change in temperature indicates fhe absence of flow.

The CSF ESPA 700 was tested using an animal model of shunt flow and demonstrated
100% sensitivity (ability to accurately detect no-flow) and 92% specificity (ability to accurately
detect flow). Additionally, the animal model experiments indicated that the CSF ESPA 700
can assess the rate of CSF fluid flow through shunts (Fig. 5). The temperature drop recorded by
the CSF ESPA 700 varies linearly with flow rate — the deeper the temperature drop, the faster
the flow. The FDA reviewed these animal model data and approved a 510(k) application for a
first generation of the CSF ESPA 700 (K080168, approved May, 2008) as an aid to the detection
of flow in implanted cerebrospinal fluid (CSF) shunts.

Early Human Clinical Studies Using the CSF ESPA 700 Indicate Intermittent CSF Flow

Test results using the CSF ESPA 700 with pediatric hydrocephalus patients have been
systematically evaluated. CSF ESPA 700 tests were conducted on patients who were
independently classified as: 1) asymptomatic patients with patent shunts (n=36), 2) symptomatic
patients with full or partial shunt patency (n=15), and 3) symptomatic patients with obstruction
(n=3). It should be noted that asymptomatic patients presented for routine examination, and were
all classified as being “without shunt obstruction” on the basis that none returned to the clinic

with signs of obstruction within 1 week of ShuntCheck testing; Symptomatic patients presented
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for evaluation of clinical signs consistent with shunt obstruction, and were classified as “with
shunt obstruction” or “without shunt obstruction” on the basis of the collective use/occurrence
of other diagnostic tests (including CT scan), resolution of clinical signs, and/or direct
assessment of the shunt catheter during revision surgery. The CSF ESPA 700 correctly identified
all patients with obstruction (100% sensitivity), in agreement with its performance in the animal
model. However, the CSF ESPA 700 showed “flow” results in only 50% of the patients (either
symptomatic or asymptomatic) with patent shunts. This finding is consistent with previous
studies of pediatric hydrocephalus patients [39] which show that CSF flow through shunts is
intermittent. Drake [39] shows periods of no-flow of 30 to 40 minutes in duration followed by
similar periods of flow. This is due to shunt valve design. When CSF levels in the ventricles
are normal, shunt valves close and halt shunt flow to prevent over-drainage of CSF. It should be
noted that intermittent CSF flow is likely to be a limiting factor on specificity performance of
any method in which shunt patency or obstruction is being inferred from fluid flow
measurements.

Thus, the present invention 20 provides a device and method which overcomes the
disadvantages of the prior art by providing a CSF pumping method suitable for CSF VP
(ventricular-atrial) and VA (ventricular-peritoneal) shunts while providing a shunt patency and
resistance assessment method.

As mentioned previously, the invention 20 of the present application comprises a
CSF evaluation system pad and analyzer (hereinafter referred to as “CSF ESPA 700*) and a
micro-pumper device 100, as shown in Fig. 1.

In particular, as shown most clearly in Figs. 1A-1C, the CSF ESPA 700 comprises a
thermal flow measurement pad 702 which is in electrical communication (e.g., via electrical
cables 711 and connectors 712/714) with a CSF analyzer 704, also known as a sensor
processing device (e.g., a processor with /O). The measurement pad 702 comprises a
plurality of sensors, such as thermistors, which are maintained in the correct relative
geometries by the measurement pad 702. The analyzer 704 also provides the sensor
excitation. The measurement pad 702 of the present invention is provided with at least one
clear window 708 in order to permit accurate placement of the measurement pad 702 and the
uniform application of a temperature source, e.g., a cooling means such as an ice cube or
pack 10 (Fig. 1C) . It is preferable to use a “plastic ice” cube (which contains water) which
avoids or minimizes leaking when compared to an ice cube. To use this embodiment of the

measurement pad 702, a shunt tube 18 which is positioned below the patient’s skin 21 can be
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located by the physician and the patient’s skin can be marked with a pen or other marking
device in order to indicate the location of the shunt tube 18, typically over the clavicle, as
shown in Fig. 1B. The measurement pad 702 comprises three temperature sensors (€.g.,
thermistors), T1, T2 and T3, as shown in Fig. 1A. When the measurement pad 702 is placed
properly on the skin 21 and aligned with the shunt tube 18 located under the skin 21, the first
temperature sensor T1 is aligned with the shunt tube’s axis 18°. Temperature sensors T2 and
T3 act as control temperature sensors and are aligned laterally, on opposite sides, with
temperature sensor T1, as shown in Fig. 1A. In particular, it has been determined that
human skin transfers heat and cold in a non-homogenous manner. By using only the shunt-
aligned temperature sensor T1 and a single control temperature sensor T2, when the
temperature source, e.g., a cooling means such as an ice cube or pack is placed on the
measurement pad 702, the sensor T1 and the control sensor T2 experience different amounts
of coldness. As a result, the temperature changes will not be equal even if there is no flow in
the shunt 18. To overcome this problem, the CSF ESPA 700 includes another control sensor
T3 on the other side of the shunt 18, thereby establishing two control sensors T2 and T3,
symmetrically positioned on both sides of the shunt, as indicated by the distance S1. By way
of example only, the distance S1 is approximately 8mm from the shunt-aligned sensor T1.
Also, each of the temperature sensors T1, T2 and T3 are positioned a distance S2 from the
edge of the window 708. By way of example only, the distance S2 is approximately 8mm.
The insulation housing or enclosure 709 comprises a cube form that covers insulates the ice
cube 10 in all directions except along the bottom surface which is open to permit direct
contact with the skin 21 through the window 708. This permits the controlled application of
a temperature “pulse” or “spike” or “wave” only at the skin surface 21 over the shunt 18.
Without the insulated enclosure or housing 709, the “cold wave” generated by the ice cube
10 generates a fair amount of noise/inaccuracy that would be experienced by the sensors T1,
T2 and T3 through the air. It should be noted that the cube form of the enclosure/housing
709 is by way of example only and that it may take on any shape to enclose or house the‘
temperature source, whatever its shape, to prevent the transfer of the temperature pulse,
wave or spike through the air but rather permit transfer only through an opening in the
enclosure/housing that is in contact with the skin 21. It should be understood that the type of
thermistor used for the temperature sensors T1, T2 and T3 must be fast response thermistors,
i.e., a time constant of < 5 seconds. This is important because the thermistor must be able to

track the actual temperature without an appreciable time lag. By way of example only, the
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thermistors T1, T2 and T3 in the measurement pad 702 may comprise the MA100 Catheter
Assembly which has a thermal response time in still water of 2.0 seconds. Another
exemplary thermistor is the GE NTC thermistor. It should be noted that U.S. Application
Serial No. 12/936,162 filed Oct. 1, 2010, entitled “Cerebrospinal Fluid Evaluation System
Having Thermal Flow and Flow Rate Measurement Pad Using a Plurality of Control
Sensors” is incorporated by reference in its entirety herein.

The micro-pumper device 100 is a portable, non-invasive tool which improves the
diagnostic accuracy of kinetic shunt patency testing, including radionuclide studies or CSF
ESPA 700 thermo-dilutions test, in pediatric hydrocephalus patients. CSF ESPA 700 is
increasingly being adopted in the clinic as a front-line method for assessing CSF shunf function
in routine check-ups, and in the emergency room. However, while the detection of fluid flow
through the shunt, using the CSF ESPA 700 and other dynamic measures of fluid flow, confirms
shunt patency (i.e., they exhibit high sensitivity), the absence of flow in any one test may not
indicate obstruction (i.e., they exhibit poor specificity) since CSF flow can be naturally
intermittent. Therefore, what is needed is a dynamic technique for evaluating fluid flow
through CSF shunts that has high sensitivity and high specificity. There are currently no tools for
differentiating between intermittently-flowing (patent) shunts and occluded shunts.

Shunt Pumping and “Micro-Pumping” to Address Intermittent Flow

With these findings in hand, Applicants have developed a method for combining shunt
pumping (manually depressing the flushing mechanism in the shunt valve which generates a
rush of CSF) with the CSF ESPA 700 test. This method has been tested in a bench model of
CSF flow and validated it in an animal model. The method differentiated between patent shunts
— which showed very significant temperature dips, indicative of strong CSF flow, totally
occluded shunts — which showed no temperature dips, and partially occluded shunts — which
showed restricted temperature dips. |

To address an issue that shunt pumping may cause occlusion in certain circumstance due
to suction at the proximal end of the shunt — as the flushing chamber of the shunt refills after
pumping, Applicants developed the micro-pumper 100, a miniature, non-invasive device (see
Figs. 1, 2 and 3) which is held against the shunt valve (which is typically implanted under the
scalp behind the ear) and which provides a specific vibration pulse to the valve. The vibration
pulses act like manual shunt pumping in miniature and generate a controlled and reproducible
level of flow through the valve. Importantly, micro-pumping generates several times less

negative pressure in the proximal catheter than manual pumping.
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Working with two popular CSF shunt valves, the Integra DP Standard System and the
Sophysa Polaris SPVA programmable valve, a variety of pulse generators, pulse amplitudes and
pulse frequency/duration patterns were tested. A commercially-available miniature vibrating
motor was selected and a pulse amplitude/frequency/duration pattern was developed which
generates 20 ml/hr of CSF shunt flow in patent shunts (the normal steady state production of
CSF in humans). In partially obstructed shunts, the micro-pumper 100 generates a restricted
level of flow (restricted by the level of obstruction). In totally occluded shunts, the micro-
pumper 100 generates no flow.

CSF ESPA 700 bench tests of micro-pumped patent shunts show >1°C of temperature
drop — consistent with 20 ml/hr flow. Totally occluded shunts show no temperature drop.
Partial occlusion shows restricted temperature drop. This means that the combination of the
micro-pumper 100 and the CSF ESPA 700 provides an accurate test for shunt patency.

Innovation and significance to human health

The innovation of the present invention 20 is the development of a new tool and clinical
method for the diagnosis and early diagnosis of CSF shunt malfunction in hydrocephalus
patients presenting to the ED with symptoms consistent with shunt obstruction. Up to 30% of
mortalities in shunted patients are attributed to shunt malfunction and there are currently no non-
invasive techniques that can reliably be used as stand-alone diagnostic instruments for shunt
obstruction. The micro-pumper device 100 can rapidly (e.g., within 5 minutes) determine shunt
patency. Its portability, ease of use, safety, and relative inexpensiveness enable it to be used
routinely in emergency departments and in neurosurgical clinical settings.

There are currently 300,000 people in the U.S. with CSF shunts. Approximately 30,000
shunt revision surgeries are conducted annually in the U.S. Each year 120,000 patients present
with symptoms of shunt failure to hospital emergency rooms — primarily to the 453 level Iand I
emergency rooms in the U.S. Strong sensitivity and specificity results demonstrated in the
clinical study combined with the device’s non-invasive procedure ideally make the CSF ESPA
700 thermo dilution method and CSF ESPA 700/micro-pumper device 100 combination the
standard of care for symptomatic hydrocephalus patients and enables neurosurgeons and
emergency medicine physicians to reduce the number of CT Scans conducted on “false alarm”
symptomatic patients and thereby reduce the radiation build up caused by the scans.

Development of a bench top model of intermittent flow and shunt patency or obstruction

Before developing tools to address intermittent CSF flow, a bench top model was

developed which replicates shunt patency or obstruction and intermittent flow and which allows
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testing the CSF ESPA’s 700 ability to differentiate between obstruction and intermittent flow.
The model consists of two sections, a brain & CSF shunt hydraulics simulator and a thermal
response simulator. The hydraulic simulator is depicted in Fig. 6:

The ICP (intracranial pressure) simulator is a water column which allows setting ICP at
normal levels (5 to 15 mm Hg), elevated levels (20 to 30 mm Hg) or critical levels (>40 mm
Hg).

Hydraulic resistors, comprising calibrated stainless steel needles, were placed at the tip
of the proximal catheter (the most common site of obstruction in pediatric patients), and values
set to 0 mmHg/ml/h (patent), 1 mmHg/ml/h (partial obstruction), and 2 mmHg/ml/h (critical
obstruction).This definition was based on the following: 1) the average person produces 20ml of
CSF per hour [41,42]; 2) the highest ICP level before the patient loses consciousness is 40
mmHg [43]; and 3) relatively normal ICP pressure is less than 20 mmHg (normal ICP =10
mmHg, elevated=20 mmHg) [43-45]. In order to maintain constant ICP, CSF is typically
removed from the ventricles at the same rate as it is produced. If a hydrocephalus patient is
100% shunt-dependent (a worst case scenario since most patients exhibit a combination of
natural and shunt drainage), then under normal ICP (10 mmHg), the shunt needs to drain CSF at
approximately 20 ml/h, equating to a hydraulic resistance in the shunt of 0.5 mmHg/ml/h. This
is a low-resistance circumstance associated with a fully-patent shunt. As the shunt becomes
increasingly obstructed, and hydraulic resistance increases to 1-2 mmHg/ml/h, ICP increases to
20-40 mmHg (assuming CSF must be removed at 20ml/h). We can therefore classify shunts into
three categories of patency or obstruction, based on their hydraulic resistance (r): patent (r <1),
partial obstruction (1< r< 2) and critically obstructed (r >2).

The third component is a shunt valve which consists of a fluid reservoir and a check
valve. The reservoir can be pumped to flush the shunt. The check valve prevents backflow of
CSF and closes when ICP is low, preventing over-drainage of the ventricles. Initial testing was
conducted using popular shunt valves from Integra Life Sciences and Sophysa.

The second section of the bench top model is a thermal simulator, enabling the
performance of CSF ESPA 700 tests of patency. Since CSF ESPA 700 uses thermal convection
(detection of cooled fluid through skin) to determine flow, an in vitro model, was developed and
validated, that was capable of simulating the in vivo thermal responses to the CSF ESPA 700
test. The model consisted of a shunt system (proximal catheter, reservoir and shunt valve plus
distal catheter); mock tissue (silicon rubber); ceramic heater, thermal sensor controlling mock

tissue temperature, and temperature controller. The system is shown in Fig. 7.
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The heater is controlled by closed-loop feedback in order to simulate the physiological
responses to skin to exposure to cold.

The system was experimentally calibrated to responses recorded in porcine to closely
approximate living skin’s reaction to cold stimuli. Fig. 8 shows the calibration curves obtained
in the living pig skin, and in the bench model. The curves are almost identical (<5% difference)
on negative and positive slopes, the time for the minima is very similar (10 sec difference).This
data shows that the bench model simulates accurately the thermal response of the porcine skin.
In particular, Fig. 8 shows a calibration curve showing the thermal response to flow of 5ml/h on
both porcine skin and bench top setup; the green line (viz., the lighter line in black & white)
represents the bench model response.

The experimental setup consist of the ICP simulator (hydraulic accumulator with
compliance value dV/dP = 0.2 through 0.14 ml/mmHg) proximal resistor connected to the
proximal catheter of the shunt system, proximal catheter, shunt pumping device (reservoir),
shunt valve, and distal catheter. The hydraulic output (distal catheter) is connected to the thermal
simulator shown in Fig. 4 which mimics thermal behavior of skin.

Proximal resistance is set consistent with patent, partially occluded or occluded and an

initial flow is established by setting ICP in the ICP simulator. The ice cube is placed on the

mock skin, the micro-pumper device 100 applied 3 x 10 second pulses of vibrations (f=120 Hz)

directly to the valve, and the thermal response downstream of the ice cube is measured by the
CSF ESPA sensor. Responses are recorded over 4 min periods and correlated with level of
occlusion. Examples of thermal responses correlated with different levels of occlusion and
initial flows are shown in Figs. 10 and 11.

Patent shunts show >1.0°C in the CSF temperature drop recorded by the CSF ESPA 700,
indicative of robust fluid flow. In a flowing patent shunt, the temperature drop is steady and
smooth. In an intermittently flowing patent shunt, cooling is delayed until the micro-pumper
100 activates (90 seconds into the test) and generates fluid flow. The temperature drops rapidly
at that point.

These results show that the micro-pumper device 100 combined with the CSF ESPA 700
is capable of differentiating between patent shunts (flowing or temporarily non-flowing),
partially occluded and totally occluded shunts. These findings suggest that the micro-pumper
device 100 addresses the specificity problem identified in prior research, by differentiating

between patent non-flowing shunts and totally occluded shunts. The ability to differentiate
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between patent and partially occluded shunts suggests that the CSF ESPA 700 and micro-
pumper device 100 combination may also identify a failing shunt at an early stage of occlusion.

| At this point in time, 20 CSF ESPA 700 and micro-pumper 100 patient tests have been
conducted. 17 patients had patent shunts (were either asymptomatic or CT scans plus X-ray
series indicated patency) and 3 had occluded shunts and revision surgery.

Micro-pumper device 100 safety and operator and patient satisfaction were confirmed.
Patients found the Micro-Pumper to be pleasant. The operator thought the procedure was
straightforward.

CSF ESPA 700 plus micro-pumper device 100 correctly identified all three shunt
occlusions — for a 100% sensitivity

The procedure correctly identified 9 of 17 patent shunts. In five false occlusion cases, it
was discovered that the test operator pressed the micro-pumper device 100 firmly against the
patients’ scalps (an average of 1.2 Kg of pressure). Bench testing was run with light pressure
(300 to 500g pressure). Subsequent bench tested was conducted with firm vs light pressure and
it was discovered that a number of valves (particularly Medtronic valves) flow poorly under firm
pressure.

As shown in Fig. 3, the preferred embodiment of the micro-pumper device 100
comprises a "floating foot" 301 which allows for the valve dome 110 (Fig. 1) or tubing 18 pre-
stress. The operator applies certain pressure to the valve dome (or other part of the shunt system)
by pushing the floating foot against the skin surface. This action compresses the spring and by
doing so provides certain calibrated initial pressure (pre-stress) to the valve dome or other part
of the shunt system. This setup allows for: 1) adjustment to different valve dome heights, and 2)
breaks the spherical or cylindrical curvature of the valve dome or tubing (This action allows for
less force to be used during the pulsation phase) 3) provides an uniform starting pressure on all
vélves.

The spring 305 placed between the foot 301 and floating piston 304 helps provide
calibrated force to the valve or tubing during the pulsation phase and allow for constant force
pulsation. The force from the motor is delivered to the valve via spring 305. In an alternative
embodiment the force from the motor is delivered by a rigid link between the motor and the foot

which allows for constant displacement pumping (each compression takes the same amount of

- displacement as oppose to constant force where each displacement is generated by a constant

force .
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The foot comprises "toes™ 302. This feature assures that the pulsating pressure is
delivered to the valve dome or shunt tubing even if the skin is covered with hair. The "toes’"
distribution is such that at least one toe is in contact with the valve dome. In the alternative
embodiment the toes can be replaced by grooves, ridges, bumps or other structures protruding
from the foot or carved in the foot.

It should be understood that the displaceable foot 301 may comprises a plurality of
sections and wherein each section vibrates separately.

An alternative to the floating is a force gauge which measures the force which the test
operator applies to the micro-pumper device 100 and which indicates by a visual or auditory
signal that the force is too light, too heavy or in the correct range of >300g and <1000g.

The micro-pumper device 100 can be programmable in such a way that the pattern of
pulsations (frequency, duty cycle, force, displacement and duration of pulsation periods) can be
pre-programmed and memorized by the device, reprogrammed using external device or re-
programmed /change using the micro-pumper's 100 controls. The pulsation patterns can be
adjusted to obtain desired level of the CSF flow in the shunt system. By way of example only,
the micro-pumper device 100 may comprise a microprocessor or microcontroller which is
programmed to control motor operation or load cell to deliver the desired frequency, duty cycle,
force, displacement and pulse duration/period.

The pulsation pattern can be adjusted according to the valve type or skin thickness or
kept constant at the level optimal for the variety of valves and skin thicknesses.

The miéro—pumper housing is shaped in such a way that it forms two reliefs to prevent
the shunt tubing from being pinched off by the edges of the device (not shown).

Fig. 3 shows the preferred embodiment of the micro-pumper device 100. The preferred
embodiment consists of a main cylindrical body 300, which is also used as a handle, and foot
301 outfitted with short rods 302. The foot is supported by a shaft 306 rigidly connected to the
foot , the shaft is inserted into a floating piston 304 in such a way that the rod and piston can
move independently on a certain distance. It allows the foot to adjust its position to valves of
different heights and keep relatively constant contact pressure between the skin surface and the
foot. A spring 305 is placed between the piston and foot. The spring pushes the foot and the
piston apart. The piston motion is partially restricted by a semi-partition 308 inside the

cylindrical body. The foot motion is partially restricted by at least one rigid element 309 placed

‘inside the main body cylinder 300. Figs. 12 and 13 show prototypes of the micro-pumper device

100.
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In Fig. 2 the sectional view of the micro-pumper 100 placed over the valve dome is
shown. Reference number 220 identifies the bone of the patient’s skull. This configuration can
be used to generate flow in the CSF shunt system as a safe alternative to manual pumping. The
user holds the housing 200 of the micro-pumper 100 and orients the foot 202 against the skin
over the shunt valve 210. The foot 202 outfitted with an array of short rods 203 compresses, in
a periodic manner, the valve 210, implanted under the skin surface 230. As can be seen in Fig.
2, the foot 202 moves within the lower part of the housing 200 when activated. The CSF is
pumped due to pressure generated in the dome 210. The pressure opens the CSF shunt system
‘check valve (not shown) and generates flow.

The foot is placed over the valve dome (Figs. 1 and 2 ). The dome pushes the foot inside
the cylindrical body and initially compresses the spring 305. A cam 307 driven by a motor (e.g.,
an electric motor, not shown) pushes a floating piston. The floating piston compresses the spring
305. The spring pushes the foot 301 and by doing so transfers motion of the cam to the valve
dome. The dome motion compresses CSF fluid inside the shunt system 210 and causes the CSF
shunt system check valve (not shown) to open and move fluid to the abdominal cavity.
Alternatively, the floating piston can be driven by a solenoid or by an electromagnetic head or by
a pneumatic motor.

The alternative to floating foot design is the force gauge design shown in Fig. 1'4. The
housing 1302 contains a motor (e.g., an electric motor) with a counterweight which generates
the vibration power and contains the printed circuit board, batteries and the svx;itch. A section of
this enclosure (1301) slides into the foot 101. There is clearance between the foot and housing
to allow free movement (no friction) for accurate force measurement. The foot 101 contains a
load cell, a double beam cantilever with strain gauges, which is attached to the foot at 1304 and
to the housing ét 1303. When the test operator presses down on the housing, the force is
measured by the load cell. The load cell provides a signal to an integrated circuit on the printed
circuit board in the housing which categorizes the force as too light, acceptable or too heavy and
activates one of three LED lights (1305, 1306 or 1307) to guide the operator to the correct level
of force. Thus, in this Versioh of the micro-pumper 100 the foot 101 is rigidly-linked with the
overall device 100 such that the entire device vibrates.

The micro-pumper 100 can be used in conjunction with the CSF ESPA 700 thermo-
dilution device (Fig. 1) in order to assess shunt patency. The micro-pumper device 100 pushes
the dome110 via foot 101. As a result of this pumping action the CSF moves in the shunt 151

from brain to abdomen. The skin surface is cooled by an ice cube 120 and the temperature drop
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is measured by thermal sensor 132 placed over the shunt 151. The temperature drop amplitude
measured by the thermosensor 132 can be correlated with the shunt system resistance
(obstruction level). An example shown in Fig. 11.

It is a well established fact that as resistance to CSF outflow increases the intracranial
pressure increases as well. For a given patient the amount of CSF produced in the ventricles per
hour is roughly 20ml. As the resistance to CSF flow reaches 7.5 [ml/mmHg] the intracranial
pressure will reach 15 mmHg. For resistances of 15 [ml/mmHg] the ICP will reach 30 mmHg.
The formula linking ICP to resistance and CSF flow is:

ICP=R*F where R is resistance and F is CSF flow. ICP is intracranial pressure.

For shunted patients highly dependent on VP or VA shunts the R is roughly equal to the
shunt system resistance. Thus, it is of critical importance to know the R, so the necessary steps
(e.g. shunt revision) can be taken to avoid dangerous levels of ICP.

It would be even more beneficial if one could monitor R and warn if there is a trend of R
increasing its value. The micro-pumper 100 in conjunction with CSF ESPA 700 thermo-dilution
method can be used to assess shunt system hydraulic resistance, even if the resistance is low, and
serve as a tracking system for hydraulic resistance changes.

Due to the fact that the micro-pumper device 100 generates relatively constant driving
pressure (pressure pushing fluid through the check valve) one can utilize this to assess shunt
resistance if the CSF flow is being measured simultaneously. As shown in Fig. 11 and the
studies related thereto, the amount of flow generated by the micro-pumper device 100 under
certain conditions is proportional to shunt resistance. It can be concluded that by using the
micro-pumper device 100 and some CSF flow measurement method (e.g., ShuntCheck thermo-
dilution or radionuclide method) one can assess shunt resistance to flow.

Seven different procedures to detect shunt patency are claimed.

1. Method of assessing full patency in symptomatic patients (low R)

2. Method of assessing partial occlusion symptomatic patients (medium R)

3. Method of assessing complete occlusion in symptomatic patients (R infinite)

4. Method of assessing full patency in asymptomatic patients (low R)

5. Method of assessing partial occlusion 'asymptomatic patients (medium R)

6. Method of assessing complete occlusion in asymptomatic patients (R infinite)

7. Method of tracking shunt resistance in order to early detect possible shunt
obstruction.
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An example of a shunt resistance assessment method in 5 steps is described below. This
example is based on an observation that absolute flow rates generated by the micro-pumper
device 100 correspond to specific shunt resistances:

1. The CSF ESPA sensor patch 702 is applied to the skin 21 as described in ShuntCheck
manual;

2. The ice cube is applied to the skin as described in ShuntCheck manual;

3. The micro-pumper device 100 is applied to the shunt valve dome and the pulsation
procedure is activated for a period of 30 sec to 2 minutes.

4. The temperature drop on the thermosensor 132 is measured or the entire procedure of
ShuntCheck is executed as described in the ShuntCheck manual.

5. The maximum temperature drop is compared to the look up table and the
corresponding shunt resistance is established.

Another example utilizes a different principle that is: the flow is generated with two
different frequencies of pulsation, each frequency generating different pressure across the check
valve. Pressure is proportional to frequency of pulsations, thus the ratio between those two
pressures are then known (the absolute value does not have to be known). This fact can be
described by a system of linear equations:

deltaP =R * F1

deltaP * constant = R * F2

where deltaP is pressure across the check valve generated by lower frequency, R
resistance, F1 flow recorded with the lower frequency and F2 flow recorded with the higher
frequency."” Constant" is the known ratio of pressures (hi gh frequency pressure to low frequency
pressure). By running two tests with two different frequencies and known ratio of pressures
generated across the check valve, one can measure F1 and F2 and solve the system of equations
for deltaP and R.

Yet another example of the shunt resistance assessment method would be to observe the
flow rates generated by the micro-pumper device 100 in the time domain and from flow rate
changes assess the shunt resistance. The steps of this method are:

1. The ShuntCheck sensor patch 702 is applied to the skin as described in ShuntCheck
manual.

2. The ice cube is applied to the skin as described in ShuntCheck manual.
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3. The micro-pumper device 100 is applied to the shunt valve dome and the pulsation
procedure is activated for a period of several seconds then the micro-pumper device 100 is
turned off for 30sec to 2 minutes. This step is repeated several times.

4. The temperature drop on the thermosensor T2 is recorded over several minutes.

5. The temperature gradients T/t are measured during "on" and "off" periods. The values
are compared to the look up table and the corresponding shunt resistance is established. In this
case the look up table links gradients T/t (Temperature over time) to shunt resistance.

In shunt dependent patients, after the shunt resistance assessment, if the natural flow is
present, (flow due to certain ICP) the ShuntCheck flow measurement can be used to calculate
the ICP level using equation:

ICP=R*F

In patients partially dependent on shunts, if the shunt resistance, shunt flow and ICP are
known (e.g. ICP is measured by Camino), the percentage of shunt dependency can be assessed
by calculating natural resistance RN to CSF outflow by solving equation:

ICP=F* (RN + R)/RN*R for RN

100*RN/(RN+R) yields a percentage of shunt dependency.

While the invention has been described in detail and with reference to specific examples
thereof, it will be apparent to one skilled in the art that various changes and modifications can be

made therein without departing from the spirit and scope thereof.
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CLAIMS

WHAT IS CLAIMED IS:

1. An apparatus for generating flow of cerebrospinal fluid (CSF) in an implanted CSF
shunt having a shunt valve in symptomatic or asymptomatic patients, said apparatus comprising:

a housing;

a vibrating member disposed within said housing that generates a
vibrating force when activated; and

wherein said vibrating member generates pressure and flow of CSF

within said CSF shunt when said vibrating member is placed against the skin and

over said shunt valve and when said apparatus is energized to activate the shunt

valve repeatedly.

2. The apparatus of Claim 1 wherein said vibrating member comprises a reciprocating
member having a distal end comprising a foot that forms a surface that activates the shunt valve
repeatedly.

3. The apparatus of Claim 2 wherein said surface comprises a plurality of rods.

4. The apparatus of Claim 1 wherein said vibrating member is pulsated or vibrated for a
predetermined period of time.

5. The apparatus of Claim 1 wherein said vibrating member comprises a force gauge that
can measure a force applied by an operator of said apparatus against the skull.

6. The apparatus of Claim 5 wherein said an ideal application force, f}, is defined as 300g
< f1< 1000g.

7. The apparatus of Claim 1 further comprising a driving member, said driving member
comprising one from the group of motors or load cells.

8. The apparatus of Claim 6 further comprising a microprocessor or microcontroller, said
microprocessor or microcontroller controlling a motor that drives said driving member in
accordance with a program stored within said microprocessor or microcontroller.

9. The apparatus of Claim 3 wherein an operation of said foot vibration is controlled by
an operator of said apparatus using controls located on said housing of said apparatus.

10. The apparatus of Claim 2 wherein said foot comprises a smooth, even surface.

11. The apparatus of Claim 2 wherein said skin-contacting surface comprises a
roughened surface.

12. The apparatus of Claim 3 wherein said foot is powered by an electric motor and a

counterweight.
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13. The apparatus of Claim 3 wherein said foot is powered by an electric motor and a
cam.

14. The apparatus of Claim 3 wherein said foot is powered by a solenoid.

15. The apparatus of Claim 3 wherein said foot is powered by an electromagnetic head.

16. The apparatus of Claim 3 wherein said foot is powered by a pneumatic motor.

17. The apparatus of Claim 3 wherein said foot comprises a plurality of sections and
wherein each section vibrates separately.

18. The apparatus of Claim 16 wherein each of said sections can be activated separately.

19. The apparatus of Claim 3 wherein said pulsation or vibration are turned on and off in
a preprogrammed manner.

20. The apparatus of Claim 3 wherein said foot is linked to said main body via an elastic
membrane.

21. The apparatus of Claim 3 wherein said foot forms an angle with said housing.

22. A method for generating flow of cerebrospinal fluid (CSF) in an implanted CSF
shunt having a shunt valve in symptomatic or asymptomatic patients, said method comprising:

applying a displaceable member, disposed within a housing, against the
skin over the shunt valve; and
activating said displaceable member to vibrate or pulsate the shunt valve

repeatedly in order to generate pressure and flow of CSF within the CSF shunt.

23. The method of Claim 22 wherein said step of applying a displaceable member
against the skin comprises monitoring an amount of pressure applied by an operator to the skin.

24. The method of Claim 22 wherein said step of applying a displaceable member
comprises applying a surface against the shunt valve and wherein said surface comprises a
plurality of rods.

25. The method of Claim 22 wherein said displaceable member is pulsated or vibrated
for a predetermined period of time.

26. The method of Claim 22 wherein said displaceable member comprises a force gauge
that can measure a force applied by an operator of said apparatus against the skull.

27. The method of Claim 26 wherein said an ideal application force, fj, is defined as
300g < fi< 1000g.

28. The method of Claim 22 wherein said step of activating said displaceable member
comprises activating said displaceable member in accordance with a program stored in a

microprocessor or microcontroller in said housing.
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24. The method of Claim 22 wherein said step of applying a displaceable member
comprises applying a surface against the shunt valve and wherein said surface comprises a
smooth, even surface.

25. The method of Claim 22 wherein said step of applying a displaceable member
comprises applying a surface against the shunt valve and wherein said surface comprises a
roughened surface.

26. An apparatus for detecting the degree of occlusion in an implanted cerebrospinal
fluid (CSF) shunt having a shunt valve in symptomatic or asymptomatic, said apparatus
comprising:

a pad that is placed against the skin of a patient over the location of the

CSF shunt, said pad comprising a plurality of temperature sensors that are

aligned in a first direction and wherein one of said plurality of temperature

sensors is aligned with the CSF shunt, each of said temperature sensors
generating respective temperature data;

a vibrating device that applies pulsation energy against the shunt valve
for a predetermined period when said vibrating device is positioned against the
skin over said shunt valve; and

a sensor processing device that is electrically coupled to said pad for
receiving temperature data from each of said temperature sensors, said sensor
processing device using said temperature data to determine the degree of
occlusion of said CSF'shunt when a temperature source is applied to said pad for

said predetermined period of time.

27. The apparatus of Claim 27 wherein said predetermined period of time is
approximately 30 seconds to 2 minutes.

28. A method for detecting the degree of occlusion in an implanted cerebrospinal fluid
(CSF) shunt having a shunt valve in symptomatic or asymptomatic patients, said method
comprising:

applying a plurality of temperature sensors against the skin over the location of
the CSF shunt and aligned in a first direction, and wherein only one of said plurality of
temperature sensors is aligned with the CSF shunt;

applying a temperature source over the CSF shunt and upstream of said plurality
of temperature sensors for a predetermined period;

applying a vibrating device against the skin positioned over the shunt valve for
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applying a pulsation procedure for said predetermined period of time;
collecting temperature data from said plurality of temperature sensors during said
predetermined period of time;
determining the degree of occlusion in said CSF shunt based on said collected
data.

29. The method of Claim 28 wherein said stép of applying a vibrating device comprises
generating a CSF flow in the shunt by vibrating parts of the shunt using frequencies from 1 Hz
to 1kHz.

30. The method of Claim 29 wherein said step of determining the degree of occlusion in
said CSF shunt comprises determining CSF shunt resistance.

31. The method of Claim 30 wherein said step of determining the degree of occlusion
comprises a thermo dilution process.

32. The method of Claim 30 wherein said step of determining the degree of occlusion
comprises a radionuclide process.

33. The method of Claim 30 wherein said determination of CSF shunt resistance is
determined for asymptomatic patients.

34. The method of Claim 30 wherein said determination of CSF shunt resistance is
determined for symptomatic patients. |

35. The method of Claim 33 wherein said determination of CSF shunt resistance
comprises no natural flow of CSF in the shunt.

36. The method of Claim 34 wherein said- determination of CSF shunt resistance
comprises no natural flow of CSF in the shunt.

37. The method of Claim 33 said determination of CSF shunt resistance comprises a
natural flow of CSF in the shunt

38. The method of Claim 34 wherein said determination of CSF shunt resistance
comprises a natural flow of CSF in the shunt

39. A method for tracking shunt resistance in order to detect possible cerebrospinal fluid
(CSF) shunt obstruction in a CSF shunt, having a shunt valve, implanted within a patient, said
method comprising:

applying a plurality of temperature sensors against the skin over the location of
the CSF shunt and aligned in a first direction, and wherein only one of said plurality of
temperature sensors is aligned with the CSF shunt;

applying a temperature source over the CSF shunt and upstream of said plurality
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of temperature sensors for a predetermined period;

applying a vibrating device against the skin positioned over the shunt valve for
applying a pulsation procedure for said predetermined period of time;

collecting temperature data from said plurality of temperature sensors during said
predetermined period of time;

identifying a maximum temperature drop; and

comparing said maximum temperature drop to a look up table that

correlates shunt resistance therewith.
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