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(57) ABSTRACT 

An implantable pumping system for pumping a fluid in an 
implantable gastric banding system comprises a pump for 
pumping the fluid. A voltage source provides a pump Voltage 
to the system, and a Voltage control circuit increases or 
decreases the pump Voltage. A pump driver applies the pump 
Voltage to the pump at a phase and a frequency. The implant 
able pumping system comprises a sensor that monitors a 
parameter to facilitate adjusting at least one of the phase or the 
frequency to maintain a desired value of the parameter. The 
parameter is associated with at least one of the implantable 
pumping system or the implantable gastric banding system. A 
micro controller is configured to manipulate at least one of the 
phase or the frequency to maintain the desired value of the 
parameter. The sensor may comprise a temperature sensor, a 
pressure sensor, and/or a flow rate sensor. 

3 Claims, 2 Drawing Sheets 
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POWER REGULATED MPLANT 

FIELD 

The present invention generally relates to medical systems 5 
and apparatus and uses thereof for treating obesity and/or 
obesity-related diseases, and more specifically, relates to sys 
tems and methods for regulating power Supplied to the medi 
cal systems and apparatus. 

10 

BACKGROUND 

Adjustable gastric banding apparatus have provided an 
effective and Substantially less invasive alternative to gastric 
bypass Surgery and other conventional Surgical weight loss 15 
procedures. Despite the positive outcomes of invasive weight 
loss procedures, such as gastric bypass Surgery, it has been 
recognized that Sustained weight loss can be achieved 
through a laparoscopically-placed gastric band, for example, 
the LAP-BAND(R) (Allergan, Inc., Irvine, Calif.) gastric band 20 
or the LAP-BANDAPR) (Allergan, Inc., Irvine, Calif.) gastric 
band. Generally, gastric bands are placed about the cardia, or 
upper portion, of a patient’s stomach forming a stoma that 
restricts the food’s passage into a lower portion of the stom 
ach. When the stoma is of an appropriate size that is restricted 25 
by a gastric band, the food held in the upper portion of the 
stomach provides a feeling of satiety or fullness that discour 
ages overeating. Unlike gastric bypass procedures, gastric 
band apparatus are reversible and require no permanent modi 
fication to the gastrointestinal tract. 30 

Over time, a stoma created by a gastric band may need 
adjustment in order to maintain an appropriate size, which is 
neither too restrictive nor too passive. Accordingly, prior art 
gastric band systems provide a Subcutaneous fluid access port 
connected to an expandable or inflatable portion of the gastric 35 
band. By adding fluid to or removing fluid from the inflatable 
portion by means of a hypodermic needle inserted into the 
access port, the effective size of the gastric band can be 
adjusted to provide a tighter or looser constriction. 

Non-invasive adjustment systems and methods have also 40 
been proposed to change the constriction of a gastric band, for 
example, without the use of a hypodermic needle. Some of 
these systems utilize implantable pumps to perform the con 
striction changes. However, the system specifications for 
these pumps, such as Small size, power dissipation, flow rate, 45 
back pressure, and magnetic resonance imaging, result in 
challenging constraints for pump implementation. 

Furthermore, some non-invasive systems that utilize 
pumps may generate excessive heat, such that tissue Sur 
rounding the implanted device may be heated more than is 50 
desirable. The amount of power utilized to drive the pump 
may contribute to the excess heating. 

Additionally, some body-related systems utilize tempera 
ture measurements. For example, Grandjean, U.S. Pat. No. 
5,089,019, generally discloses a muscle work output monitor 55 
that uses intramuscular temperature variation measurements. 
However, Grandjean does not disclose controlling operation 
of an implantable device based on the temperature associated 
with the implantable device. 

Klicek, U.S. Pat. No. 5,496.312, generally discloses a con- 60 
trol that responds to impedance and temperature between 
active and return electrodes of an electroSurgical generator 
during tissue desiccation. However, Klicek does not disclose 
utilizing temperature measurements to regulate the fluid flow 
and/or pressure within an implantable device. 65 

Davis, et al., U.S. Pat. No. 6,681,135, generally discloses a 
pacemaker that is operational based on temperature. Simi 

2 
larly, Salo, U.S. Pat. No. 7,206,637, discloses cardiac pacing 
using sensed coronary vein blood temperature. And Arm 
strong, U.S. Pat. No. 7.366,571, discloses a neurostimulator 
with activation based on changes in body temperature. But 
Davis, Salo, and Armstrong do not disclose determining and/ 
or inferring a temperature of an implantable component to 
control operation of an implantable gastric band. 

Thus, there continues to remain a need for more effective 
implantable pump systems for use with adjustable gastric 
bands, particularly Such implantable pump systems with 
pumping capability that achieves the desired flow rate within 
other design parameters such as Voltage and temperature. 

Further, there is a need for more effective implantable 
pump systems for adjustable gastric bands that are more 
efficient and are capable of monitoring various implantable 
system parameters in order to achieve a higher operational 
efficiency and to ensure operation within desired parameters. 

SUMMARY 

Generally described herein are implantable pumping sys 
tems for implantable gastric banding systems. The apparatus 
and systems described herein aid in facilitating obesity con 
trol and/or treating obesity-related diseases while being non 
invasive once implanted. 

In one embodiment, an implantable pumping system for 
pumping a fluid in an implantable gastric banding system 
comprises a pump for pumping the fluid. A Voltage source 
provides a pump Voltage to the system, and a Voltage control 
circuit increases or decreases the pump Voltage. A pump 
driver applies the pump Voltage to the pump at a desired 
and/or proper phase and frequency. 

Further, in an embodiment, the implantable pumping sys 
tem comprises a sensor that monitors a parameter to facilitate 
adjusting at least one of the phase, the pump Voltage, or the 
frequency to maintain a desired value of the parameter. The 
parameter is associated with at least one of the implantable 
pumping system or the implantable gastric banding system. A 
micro controller is configured to manipulate at least one of the 
phase or the frequency to maintain the desired value of the 
parameter. 

In one embodiment, the pump comprises a piezo actuator. 
In another embodiment, the pump is an electro-mechanical 
pump. For example, the pump may comprise a stepper motor. 

In various embodiments, the sensor may comprise a tem 
perature sensor, a pressure sensor, and/or a flow rate sensor. 
Where the measured parameter is temperature, the tempera 
ture may be associated with at least one of the pump, an 
enclosure for the implantable pumping system, the micro 
controller, or a radio transmitter. The measured temperature 
may be correlated to a temperature of the enclosure for the 
implantable pumping system in an embodiment where the 
temperature of the enclosure is a temperature of interest. 

Further, in accordance with an embodiment, a method for 
monitoring a parameter of an implantable pumping system 
for an implantable gastric banding system comprises setting a 
frequency and/or a Voltage of a power consumed by a pump. 
The method further comprises measuring the parameter, 
wherein the parameteris associated with the power consumed 
by the pump. The measured parameter is compared to a 
desired threshold. If the measured parameter is outside of the 
desired threshold, at least one of a frequency or a Voltage may 
be adjusted to modify operation of the pump and bring the 
parameter back within the desired threshold. The measure 
ment of the parameter is periodically repeated. In various 
embodiments, the measured parameter may be at least one of 
temperature, flow rate, or pressure. Additionally, the param 
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eter may comprise a temperature change with respect to a 
calibrated temperature of the implantable pumping system. 

In an embodiment, the method further comprises scaling 
the frequency utilizing at least one of Software or hardware, 
and/or scaling the Voltage utilizing at least one of software or 
hardware. Further, setting the frequency and the Voltage may 
comprise setting a maximum frequency and a maximum Volt 
age. In an embodiment, the method further comprises cycling 
the pump on or off when the parameter is above or below the 
desired threshold. The frequency and the voltage are reset up 
to the maximum frequency and/or up to the maximum Voltage 
when the parameter is below the desired threshold. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a schematic view of an implantable 
pumping system according to an embodiment of the present 
invention. 

FIG. 2 illustrates a flow chart representing operation of an 
implantable pumping system according to an embodiment of 
the present invention. 

DETAILED DESCRIPTION 

The present invention generally provides remotely adjust 
able gastric banding systems, for example, for treatment of 
obesity and obesity related conditions, as well as systems for 
controlling inflation of gastric banding systems. 
A remotely adjustable gastric band is a medical device 

which allows a healthcare worker to adjust a gastric band 
without utilizing hypodermic needles to connect to an 
implanted access port. An external, handheld controller may 
be used to send radio frequency signals for powering and 
communicating with the implanted device. The implanted 
device may fill or drain the gastric band as requested by the 
healthcare worker via the handheld controller. The handheld 
controller may be a remote device configured to produce a 
telemetric signal that controls the various components of the 
gastric banding system. 

In various embodiments of the present invention, the filling 
and draining of the band is accomplished by a set of fluidic 
elements including pumps, valves, and sensors which moni 
tor and/or move fluid between the gastric band and a reservoir. 
In accordance with various embodiments, different numbers, 
types, and orientations of the fluidic elements may be utilized 
to obtain the desired results. Any and/or all of these various 
components may be configured to be controlled by a remote 
transmitter, such as a handheld controller. 

For example, an implantable pump may be utilized to move 
the fluid through the adjustable gastric banding system. Con 
siderations involved with the implantable pump include size, 
power dissipation, flow rate, back pressure, and effects on 
magnetic resonance imaging. Various embodiments of the 
present invention provide adjustable gastric banding systems 
that achieve the appropriate specifications for these and other 
considerations. 

Turning now to FIG. 1, an implantable pumping system 
100, according to an embodiment, comprises a piezo actuator 
based pump 130. A voltage source, such as a high Voltage 
source 105 is utilized to polarize the piezo actuators in the 
pump 130. A Voltage control circuit, such as a high Voltage 
control circuit 110 is configured to increase or decrease the 
magnitude of the Voltage. In various embodiments, the Volt 
age may be in the range of approximately 20 volts to approxi 
mately 300 volts. 
A pump driver 120 is configured to apply the pump Voltage 

to the pump 130 with a proper phase and frequency. In various 
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4 
embodiments, the frequency may be in the range of approxi 
mately 10 Hz to approximately 1000 Hz. Further, in various 
embodiments, the voltage applied to the pump 130 by the 
driver 120 may be in the range of approximately 20 volts to 
approximately 300 volts. Additionally, in various embodi 
ments, the pump pressure may be in the range of approxi 
mately 0.1 psi to approximately 20psi, and the pump rate may 
be in the range of approximately 0.1 mL per minute to 
approximately 10 mL per minute. 
A sensor 125 is configured to monitor various parameters 

related to power, as will be discussed further below. Addition 
ally, a micro controller 115 is configured to manipulate the 
various power control parameters. In other embodiments, 
components in the implantable pumping system 100 may be 
utilized in conjunction with other types of pumps, such as 
electro-mechanical pumps, including pumps with stepper 
motors, but the Voltages and frequencies may be different 
depending on the design of the systems. 
As the pump 130 operates to fill or drain the inflatable 

portion of the gastric band, it generates heat. When the change 
in inflation (or a Volume change in the inflatable portion) is 
large enough, the pump 130 and/or other components of the 
implantable pumping system 100 can exceed desired tem 
peratures. For example, the implantable pumping system 100 
may be disposed within an enclosure, and the Surface of the 
enclosure, which is in contact with the tissue of a patient, may 
exceed regulatory temperature limits. 

In accordance with an embodiment of the present inven 
tion, the power consumed by the implantable pumping sys 
tem 100 may be controlled in order to maintain the tempera 
ture associated with the system 100 within regulatory and/or 
other limits. By monitoring power-related parameter(s) asso 
ciated with the system 100 it is possible to provide feedback 
to the system 100 in order to modify operation of the system 
100 and maintain the temperature within desired limits. In an 
embodiment, the circuits for monitoring and control of the 
temperature and/or other parameters are within an implant 
able portion of the implantable pumping system 100 to allow 
for a faster response. 
The power consumed by the pump 130 may be determined 

by the following: 
Power=CVF (1) 

where “C” represents the capacitance of the piezo elements 
of the pump 130, “V” represents the overall voltage applied to 
the piezo elements, and “F” represents the frequency at which 
the piezo elements are Switched. In various embodiments, to 
achieve a desired performance of the pump 130, the voltage is 
set near the maximal end of its range, and the frequency is 
optimized for pressure and flow maximums within the 
implantable system 100. The capacitance is determined by 
the physical dimensions and/or material properties of the 
piezo actuators. 

In various embodiments, the pump 130 and the associated 
circuitry and components consume a majority of the power in 
the implantable pumping system 100. In various embodi 
ments, the power consumed is in the range of approximately 
50 mW to approximately 1000 mW. Accordingly, it is desir 
able to reduce and/or modify the amount of power consumed 
by the pump 130 and related circuits. By monitoring a power 
related parameter associated with the system 100 and/or the 
pump 130, the pump 130 voltage and/or frequency may be 
modified or controlled to achieve a desired amount of power 
consumed. 

Scaling the frequency of the piezo pump 130 may be imple 
mented in software and/or hardware, and thus is relatively 
simple. In various embodiments, Scaling the frequency may 
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be accomplished utilizing Software and/or hardware. Scaling 
the Voltage may be more involved because it may include 
hardware and/or Software modifications, for example, to 
change the pump Voltages driving the piezo actuators. How 
ever, controlling the Voltage may be more advantageous since 
power is a squared function of Voltage, as indicated in (1) 
above. 

Various parameters related to the implantable system 100 
may be monitored in order to control operation of the pump 
130. For example, pressure may be monitored (e.g., in the 
inflatable portion of the gastric band), and the Voltage and/or 
frequency may be adjusted as needed to obtain desired opera 
tion of the system 100. As pressure increases, more power is 
consumed by the system 100 in order to continue increasing 
the pressure, and the Voltage and/or frequency may be 
increased only as needed to avoid overheating of the system 
100. Further, flow rate within the system 100 may be moni 
tored so that as the flow rate decreases, the Voltage and/or 
frequency may be increased only as needed. 

In various embodiments, temperature of the system 100 
may be monitored, and the Voltage and/or frequency may be 
adjusted in order to maintain the system 100 temperature 
within the desired operating parameters. In one embodiment, 
the temperature is a targeted operational parameter, and the 
pressure and flow rate are indirect measures of the system 100 
temperature. For example, as the volume of fluid in the inflat 
able portion of the gastric band increases, the pressure in the 
inflatable portion increases, and the pump 130 is pumping 
against this increased pressure. As a result, more power is 
needed by the pump 130 in order to continue pumping the 
fluid. More power may be achieved by higher voltage and/or 
higher frequency utilized by the pump 130. Thus, measuring 
pressure and/or flow rate provides an indirect indication of 
temperature, but monitoring temperature directly may pro 
vide a more accurate indication of how the system 100 is 
operating. For example, temperature may be monitored to 
determine that the temperature is within a desirable threshold. 
In an embodiment, this temperature threshold is related to the 
temperature of the enclosure for the implantable pumping 
system. 

Further, using pressure and/or flow rate to indicate tem 
perature may result in less-efficient operation of system 100. 
For instance, monitoring these parameters may result in the 
system starting at its lowest performance and ramping to 
higher performance as needed. In other words, performance 
may be sub-optimal in cases where the piezo pump does not 
generate heat above a predetermined threshold. Therefore, in 
an embodiment, temperature is monitored to enhance the 
operation of the system 100, and performance is reduced in 
order to maintain temperature within the desired parameters. 

In an embodiment, performance of the system 100 may be 
increased while monitoring the pressure and/or flow rate. For 
example, the system 100 may begin operation approximately 
at a maximum performance (e.g., at a determined Voltage 
and/or frequency), and then the pump 130 may be shut off 
once a predetermined measurement threshold for pressure 
and/or flow rate is met. This predetermined measurement 
threshold may be advantageously determined to keep the 
temperature of the system 100 within the desired operating 
parameters. Then, when the pressure and/or flow rate changes 
from the measurement threshold, the pump 130 may again be 
Switched on up to a maximum performance setting, and the 
pump 130 is effectively cycled on and off to control tempera 
ture of the system 100. Further, in an embodiment, above a 
predetermined threshold for pressure, and/or below a prede 
termined threshold for flow rate, the pump 130 may be cycled 
on and off until a target pressure and/or flow rate is achieved. 
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6 
Such cycling facilitates controlling the temperature of the 
system, for example, the temperature of the enclosure for the 
system. 

In accordance with various embodiments, the parameters 
being measured may be measured continuously to determine 
appropriate control of the system 100, and the system 100 
may similarly be controlled continuously. In another embodi 
ment, the monitored variables (e.g., pressure, flow rate, tem 
perature etc.) may be sampled, and the feedback may be 
applied, in discrete steps and/or at discrete intervals. 

In an embodiment, and with reference to FIG. 2, the system 
100 is configured to measure the temperature of the system 
100 at discrete intervals. At step 205, the temperature of the 
system 100 is measured. If the temperature change is less than 
a certain threshold at step 210, for example, less than 1 degree 
Celsius above an operational temperature parameter, then the 
pump 130 is set to 100% power at step 230. In various 
embodiments, the operational temperature of the system 100 
may be determined by the steady state temperature of the 
pump 130 when the pump 130 has been at rest for a certain 
period of time. In other embodiments, the operational tem 
perature of the pump 130 may be calibrated prior to and/or 
after implantation of the system 100. Other temperature sen 
sors associated with other aspects of the system 100 may also 
be utilized to determine the operational temperature of the 
system 100. 

For example, temperature sensors associated with the 
pump, an enclosure for the pumping system, a micro control 
ler, and/or a radio transmitter may be used to measure the 
temperature of these and other components. The measured 
temperature of these components may be utilized to infer a 
temperature about the enclosure for the pumping system and/ 
or about other aspects of the pumping system. In an embodi 
ment, knowing and/or inferring the temperature of the enclo 
Sure facilitates determining whether or not the system is 
operating within acceptable parameters. 

With continued reference to FIG. 2, if the temperature 
change measured at step 205 is greater than 1 degree Celsius 
but less than 1.75 degrees Celsius at step 215, then the pump 
130 is set to 50% power at step 235. If the temperature change 
is greater than 1.75 degrees Celsius, then the pump 130 is 
stopped at step 220, to allow the temperature of the pump 130 
to return to a desired level. A delay may then be introduced 
into the process flow, for example, a delay of 0.5 seconds at 
step 225, and the process is then repeated Starting with mea 
Suring the temperature at step 205. In an embodiment, a 
desired value of the temperature change is between approxi 
mately -2 and approximately +2 degrees Celsius. Further 
more, in an embodiment, the measurements may be periodi 
cally repeated at an interval of between approximately 0.1 
seconds and approximately 10 minutes. It should be under 
stood that the numbers given in this illustration are simply 
example numbers according to an embodiment, and different 
temperatures and times may be utilized in accordance with 
various system parameters in various embodiments of the 
present invention. Further, other parameters such as pressure 
and/or flow rate may be manipulated in a similar manner. 

In accordance with various embodiments, temperature 
sensors may exist in connection with various components of 
the system 100, and these temperature sensors may be utilized 
to measure the temperature change of the system 100. For 
example, temperature sensors in a micro controller, a radio, a 
pressure sensor, and other components may be utilized to 
determine the temperature change of the system 100. Because 
these sensors may be utilized for other functionality of the 
system 100 and/or they may be integral to these existing 
components, their use may not increase the Volume needed 
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for the system 100. In various embodiments, these sensors 
may be correlated and characterized to reflect the surface 
temperature of the enclosure for the system 100. 

In a further embodiment, a separate temperature sensor 
may be located at the hottest part of the enclosure for the 
system 100. Such a temperature sensor is advantageous 
because it directly monitors the temperature of interest and 
may be able to more accurately facilitate control and opera 
tion of the system 100. Various combinations of sensors may 
be utilized in accordance with embodiments of the present 
invention. These sensors may measure temperature, flow rate, 
pressure, and/or other variables that indicate the temperature 
and/or other parameters of the system 100. 

In conclusion, combining the various aspects of flow, pres 
Sure, and/or temperature monitoring to provide a range of 
pump performance, in accordance with various embodiments 
of the present invention, results in the system 100 meeting 
regulatory temperature requirements while maintaining con 
trol locally in the system. Such results may be accomplished 
by indirect and/or direct monitoring of the temperature within 
the system 100 using pump flow rate, pressure, and/or tem 
perature in order to control the temperature of the system 100. 
Localizing the control of the system 100 is advantageous 
because it simplifies control of the system 100. Further, intel 
ligent monitoring and control provides advantages over meth 
ods that indiscriminately switch the pump on and off without 
monitoring temperature or other parameters. For example, 
systems according to embodiments of the present invention 
provide more efficient pumping operation due in part to the 
monitoring and control of the pumping parameters disclosed 
herein. 

Unless otherwise indicated, all numbers expressing quan 
tities of ingredients, volumes of fluids, and so forth used in the 
specification and claims are to be understood as being modi 
fied in all instances by the term “about.” Accordingly, unless 
indicated to the contrary, the numerical parameters set forthin 
the specification and attached claims are approximations that 
may vary depending upon the desired properties sought to be 
obtained by the present invention. At the very least, and not as 
an attempt to limit the application of the doctrine of equiva 
lents to the scope of the claims, each numerical parameter 
should at least be construed in light of the number of reported 
significant digits and by applying ordinary rounding tech 
niques. Notwithstanding that the numerical ranges and 
parameters setting forth the broad scope of the invention are 
approximations, the numerical values set forth in the specific 
examples are reported as precisely as possible. Any numerical 
value, however, inherently contains certain errors necessarily 
resulting from the standard deviation found in their respective 
testing measurements. 

The terms “a,” “an,” “the' and similar referents used in the 
context of describing the invention (especially in the context 
of the following claims) are to be construed to cover both the 
singular and the plural, unless otherwise indicated herein or 
clearly contradicted by context. Recitation of ranges of values 
herein is merely intended to serve as a shorthand method of 
referring individually to each separate value falling within the 
range. Unless otherwise indicated herein, each individual 
value is incorporated into the specification as if it were indi 
vidually recited herein. All methods described herein can be 
performed in any suitable order unless otherwise indicated 
herein or otherwise clearly contradicted by context. The use 
of any and all examples, or exemplary language (e.g., “Such 
as') provided herein is intended merely to better illuminate 
the invention and does not pose a limitation on the scope of 
the invention otherwise claimed. No language in the specifi 
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8 
cation should be construed as indicating any non-claimed 
element essential to the practice of the invention. 

Groupings of alternative elements or embodiments of the 
invention disclosed herein are not to be construed as limita 
tions. Each group member may be referred to and claimed 
individually or in any combination with other members of the 
group or other elements foundherein. It is anticipated that one 
or more members of a group may be included in, or deleted 
from, a group for reasons of convenience and/or patentability. 
When any Such inclusion or deletion occurs, the specification 
is deemed to contain the group as modified thus fulfilling the 
written description of all Markush groups used in the 
appended claims. 

Certain embodiments of this invention are described 
herein, including the best mode known to the inventors for 
carrying out the invention. Of course, variations on these 
described embodiments will become apparent to those of 
ordinary skill in the art upon reading the foregoing descrip 
tion. The inventor expects skilled artisans to employ Such 
variations as appropriate, and the inventors intend for the 
invention to be practiced otherwise than specifically 
described herein. Accordingly, this invention includes all 
modifications and equivalents of the Subject matter recited in 
the claims appended hereto as permitted by applicable law. 
Moreover, any combination of the above-described elements 
in all possible variations thereof is encompassed by the inven 
tion unless otherwise indicated herein or otherwise clearly 
contradicted by context. 

Furthermore, certain references have been made to patents 
and printed publications throughout this specification. Each 
of the above-cited references and printed publications are 
individually incorporated herein by reference in their entirety. 

Specific embodiments disclosed herein may be further lim 
ited in the claims using consisting of or and consisting essen 
tially of language. When used in the claims, whether as filed 
or added per amendment, the transition term "consisting of 
excludes any element, step, or ingredient not specified in the 
claims. The transition term “consisting essentially of limits 
the scope of a claim to the specified materials or steps and 
those that do not materially affect the basic and novel char 
acteristic(s). Embodiments of the invention so claimed are 
inherently or expressly described and enabled herein. 

In closing, it is to be understood that the embodiments of 
the invention disclosed herein are illustrative of the principles 
of the present invention. Other modifications that may be 
employed are within the scope of the invention. Thus, by way 
of example, but not of limitation, alternative configurations of 
the present invention may be utilized in accordance with the 
teachings herein. Accordingly, the present invention is not 
limited to that precisely as shown and described. 
What is claimed is: 
1. A method for monitoring a parameter of an implantable 

pumping system for an implantable gastric banding system, 
the method comprising: 

measuring a temperature associated with the implantable 
pumping System; 

determining a temperature difference between the mea 
Sured temperature and a predefined operational tempera 
ture, wherein the temperature difference is associated 
with power consumed by a pump at a set frequency and 
Voltage; 

comparing the temperature difference to a predetermined 
difference that is between approximately -2 degrees 
Celsius and approximately +2 degrees Celsius from the 
predefined operational temperature; and 

when the temperature difference is between approximately 
-2 degrees Celsius and approximately +2 degrees Cel 
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sius from the predefined operational temperature, set 
ting frequency and Voltage of the power consumed by 
the pump as a function of the determined temperature 
difference so that the power consumed by the pump is up 
to a maximum power level. 

2. A method for monitoring a parameter of an implantable 
pumping system for an implantable gastric banding system, 
the method comprising: 

setting a frequency and Voltage so that a pump operates at 
a maximum power level; 

periodically measuring the parameter of the implantable 
pumping system, wherein the parameter is associated 
with power consumed by the pump; 

comparing the measured parameter to a predetermined 
operational threshold; 

when the measured parameter is above the predetermined 
operational threshold, adjusting one or both of the set 
frequency and Voltage to reduce the power consumed by 
the pump; 

turning the pump off when the measured parameter is 
above a predetermined maximum threshold, which is 
greater than the predetermined operational threshold; 
and 

after turning the pump off, when the measured parameter 
decreases below the predetermined maximum thresh 
old, turning the pump on and re-setting the frequency 
and Voltage so that the pump operates at the maximum 
power level. 

3. A method for monitoring an implantable pumping sys 
tem for an implantable gastric banding system, the method 
comprising: 
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measuring a parameter of the implantable pumping sys 

tem, wherein the parameter is associated with power 
consumed by a pump of the pumping system when the 
pump is operating: 

comparing the parameter to an operational range of values, 
and wherein when the measured parameter is within the 
operational range of values, comparing the measured 
parameter to predefined discrete intervals within the 
operational range of values; 

turning a pump of the pumping system off when the mea 
Sured parameter transitions from being within the opera 
tional range of values to being outside the operational 
range of values and turning the pump on when the mea 
Sured parameter transitions from being outside the 
operational range of values to being within the opera 
tional range of values; and 

when the measured parameter is within the range of values, 
adjusting at least one of a frequency or Voltage of the 
power consumed by the pump as a function of the 
respective discrete interval in which the measured 
parameter falls, wherein: 

the frequency and/or Voltage are adjusted so that the pump 
operates at a maximum power level when the measured 
parameter falls within a first discrete interval and are 
adjusted so that the pump operates at less than the maxi 
mum power level when the measured parameter falls 
within a second discrete interval. 

k k k k k 


