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MODULAR MEDICAL DEVICE PROGRAMMER

TECHNICAL FIELD

[0001] The disclosure relates to medical devices and, more particularly, to

programming for implantable medical devices (IMDs).

BACKGROUND

[0002] Some types of IMDs provide therapeutic electrical stimulation to tissue of a

patient via electrodes of one or more implantable leads. Examples of such IMDs

include implantable cardiac pacemakers, cardioverter-defibrillators, and

implantable pulse generators used to deliver neurostimulation therapies. In some

examples, an IMD may deliver electrical stimulation to the tissue via electrodes of

implantable leads in the form of pacing stimulation, cardioversion stimulation,

defibrillation stimulation, or cardiac resynchronization stimulation. In some cases,

electrodes carried by the implantable leads may be used to sense one or more

physiological signals to monitor the condition of a patient and/or to control

delivery of therapeutic electrical stimulation based on the sensed signals.

[0003] Typically, a clinician uses a programming device, e.g., a clinician

programmer, to program aspects of the operation of an IMD after it has been

implanted within a patient. Programming devices are computing devices capable of

communicating with IMDs through patient body tissue via device telemetry. To

facilitate communication with an IMD, a programming device may be coupled to a

telemetry head that is placed on the surface of the patient at a position proximate to

location of the IMD within the patient.

[0004] IMDs may provide a variety of therapy delivery and/or patient monitoring

modes, which may be selected and configured by the clinician during a

programming session or by a patient during therapy sessions, i.e., the time periods

in-between programming sessions. During a programming session, the clinician

may select values for a variety of programmable parameters, threshold values, or

the like, that control aspects the delivery of therapy. The clinician may also specify

patient-selectable therapy and or sensing parameters for therapy sessions.



SUMMARY

[0005] This disclosure includes techniques providing a programmer including a

computer module and a mating medical device module. The computer module

includes a user interface with a touchscreen, and the patient programming module

includes telemetry and/or electrodcardiography (ECG) functions of the

programmer. The computer module may be configured to store therapy delivery

and sensing parameters and history as well as other patient data. The computer

module and the medical device module may mate to form a congruent external

surface of the programmer.

[0006] In one example, a medical device programmer comprises a medical device

module and a computer module. The medical device module comprises a medical

device module housing including mating features, a telemetry module that

wirelessly communicates with an implantable medical device (IMD) that delivers

therapy to a patient, a medical device module interface, and a medical device

module processor communicates with the IMD via the telemetry module. The

computer module comprises a computer module housing including complimentary

mating features that compliment the mating features of the medical device module

housing such that the computer module housing and the medical device module

housing combine to form a congruent external surface of the programmer. The

computer module further comprises a user interface including a touchscreen that

displays data received from the IMD and receives input from a user, a memory that

stores selectable patient therapy parameters for the IMD, a computer module

interface in electrical communication with the medical device module interface,

and a computer module processor that communicates with the medical device

module via the computer module interface. The medical device module processor

forwards communications between the computer module processor and the IMD

via the medical device module interface and the telemetry module. In a further

example, the programmer is included in a system further comprising the IMD.

[0007] In another example, a medical device programmer comprises a medical

device module and a computer module. The medical device module comprises a

medical device module housing including mating features, a telemetry module that



wirelessly communicates with an implantable medical device (IMD) that delivers

therapy to a patient, an telemetry head cable bay with a telemetry head cable bay

door in the medical device module housing, the telemetry head cable door

providing access to the telemetry head cable bay, a telemetry head cable interface

connector adapted to be coupled with a telemetry head cable, wherein the telemetry

head cable interface connector is within the telemetry head cable bay, an

electrocardiogram (ECG) module including an ECG cable interface connector

adapted to be coupled with an ECG cable and including ECG signal interface

circuitry that converts analog ECG signals from the ECG cable interface connector

to digital ECG signals that correspond to the analog ECG signals, an ECG cable

bay with an ECG cable bay door in the medical device module housing, the ECG

cable bay door providing access to the ECG cable bay, wherein the ECG cable

interface connector is within the ECG cable bay, a medical device module

interface, and a medical device module processor communicates with the IMD via

the telemetry module. The computer module comprises a computer module

housing including complimentary mating features that compliment the mating

features of the medical device module housing such that the computer module

housing and the medical device module housing combine to form a congruent

external surface of the programmer, a user interface including a touchscreen that

displays data received from the IMD and receives input from a user, a memory that

stores selectable patient therapy parameters for the IMD, a computer module

interface in electrical communication with the medical device module interface, a

computer module processor that communicates with the medical device module via

the computer module interface, and a rechargeable power source. The medical

device module is powered by the rechargeable power source of the computer

module. The medical device module processor forwards communications between

the computer module processor and the IMD via the medical device module

interface and the telemetry module. In a further example, the programmer is

included in a system further comprising the IMD.

[0008] The details of one or more examples are set forth in the accompanying

drawings and the description below.



BRIEF DESCRIPTION OF DRAWINGS

[0009] FIG. 1 is a conceptual diagram illustrating an example therapy system

comprising a programmer and an IMD coupled to a plurality of leads that may be

used to monitor one or more physiological parameters of a patient and/or provide

therapy to the heart of a patient.

[0010] FIG. 2 illustrates an example remote handheld medical device programmer

including a computer module and separate medical device module, wherein the

computer module housing and the medical device module housing combine to

form a congruent external surface of the programmer.

[0011] FIG. 3 illustrates an exploded view of the programmer of FIG. 2 with the

medical device module separated from the computer module.

[0012] FIG. 4 illustrates the computer module of the programmer of FIG. 2 .

[0013] FIG. 5 illustrates the medical device module of the programmer of FIG. 2 .

[0014] FIG. 6 illustrates a rear view of the programmer of FIG. 2 showing the

medical device module with an open electrocardiogram (ECG) cable bay door and

an open telemetry head cable bay door.

[0015] FIG. 7 illustrates a side view of the programmer of FIG. 2 showing a

telemetry head cable interface connector within the telemetry head cable bay of the

medical device module.

[0016] FIG. 8 illustrates a side view of the programmer of FIG. 2 showing an ECG

cable interface connector within the ECG bay of the medical device module.

[0017] FIG. 9 illustrates a side view of the programmer of FIG. 2 showing the

programmer supported in an upright position by two feet of the computer module

and a kickstand of the medical device module in a fully-collapsed position.

[0018] FIG. 10 illustrates a side view of the programmer of FIG. 2 showing the

programmer supported in an reclined position by two feet of the computer module

and a kickstand of the medical device module in an extended position.

[0019] FIG. 11 illustrates the programmer of FIG. 2 with an exploded view of the

kickstand components.

[0020] FIG. 12 is a block diagram of an example external programmer including a

computer module and separate medical device module.



[0021] FIG. 13 is a functional block diagram illustrating an example configuration

ofan lMD.

DETAILED DESCRIPTION

[0022] FIG. 1 is a conceptual diagram illustrating an example therapy system 10

that may be used to monitor one or more physiological parameters of patient 14

and/or to provide therapy to heart 12 of patient 14. Therapy system 10 includes

IMD 16, which is coupled to medical leads 18, 20, and 22, and programmer 24,

which is in wireless communication with IMD 16.

[0023] In one example, IMD 16 may be an implantable cardiac stimulator that

provides electrical signals to heart 12 via electrodes coupled to one or more of

leads 18, 20, and 22. IMD 16 is one example of an electrical stimulation generator,

and is configured attach to the proximal end of medical leads 18, 20, and 22. In

other examples, in addition to or alternatively to pacing therapy, IMD 16 may

deliver neurostimulation signals. In some examples, IMD 16 may also include

cardioversion and/or defibrillation functionalities. In another example, IMD 16

may include an infusion device such as an implantable drug pump that delivers a

therapy fluid to a patient. In other examples, IMD 16 may not provide any therapy

delivery functionalities and, instead, may be a dedicated monitoring device. Patient

14 is ordinarily, but not necessarily, a human patient.

[0024] Medical leads 18, 20, 22 extend into the heart 12 of patient 14 to sense

electrical activity of heart 12 and/or deliver electrical stimulation to heart 12. In the

example shown in FIG. 1, right ventricular (RV) lead 18 extends through one or

more veins (not shown), the superior vena cava (not shown), right atrium 26, and

into right ventricle 28. RV lead 18 may be used to deliver RV pacing to heart 12.

Left ventricular (LV) lead 20 extends through one or more veins, the vena cava,

right atrium 26, and into the coronary sinus 30 to a region adjacent to the free wall

of left ventricle 32 of heart 12. LV lead 20 may be used to deliver LV pacing to

heart 12. Right atrial (RA) lead 22 extends through one or more veins and the vena

cava, and into the right atrium 26 of heart 12. RA lead 22 may be used to deliver

RA pacing to heart 12.



[0025] In some examples, system 10 may additionally or alternatively include one

or more leads or lead segments (not shown in FIG. 1) that deploy one or more

electrodes within the vena cava or other vein, or within or near the aorta.

Furthermore, in another example, system 10 may additionally or alternatively

include one or more additional intravenous or extravascular leads or lead segments

that deploy one or more electrodes epicardially, e.g., near an epicardial fat pad, or

proximate to the vagus nerve. In other examples, system 10 need not include one

of ventricular leads 18 and 20.

[0026] IMD 16 may sense electrical signals attendant to the depolarization and

repolarization of heart 12 via electrodes (described in further detail with respect to

FIG. 4) coupled to at least one of the leads 18, 20, 22. In some examples, IMD 16

provides pacing pulses to heart 12 based on the electrical signals sensed within

heart 12. The configurations of electrodes used by IMD 16 for sensing and pacing

may be unipolar or bipolar.

[0027] IMD 16 may also provide neurostimulation therapy, defibrillation therapy

and/or cardioversion therapy via electrodes located on at least one of the leads 18,

20, 22. For example, IMD 16 may deliver defibrillation therapy to heart 12 in the

form of electrical pulses upon detecting ventricular fibrillation of ventricles 28 and

32. In some examples, IMD 16 may be programmed to deliver a progression of

therapies, e.g., pulses with increasing energy levels, until a fibrillation of heart 12

is stopped. As another example, IMD 16 may deliver cardioversion or anti-

tachycardia pacing (ATP) in response to detecting ventricular tachycardia, such as

tachycardia of ventricles 28 and 32.

[0028] Leads 18, 20, 22 may be electrically coupled to a signal generator and a

sensing module of IMD 16 via connector block 34. In some examples, proximal

ends of leads 18, 20, 22 may include electrical contacts that electrically couple to

respective electrical contacts within connector block 34 of IMD 16. In some

examples, a single connector, e.g., an IS-4 or DF-4 connector, may connect

multiple electrical contacts to connector block 34. In addition, in some examples,

leads 18, 20, 22 may be mechanically coupled to connector block 34 with the aid

of set screws, connection pins, snap connectors, or another suitable mechanical

coupling mechanism.



[0029] A user, such as a physician, technician, surgeon, electrophysiologist, other

clinician, or patient, interacts with programmer 24 to communicate with IMD 16.

For example, the user may interact with programmer 24 to retrieve physiological or

diagnostic information from IMD 16. A user may also interact with programmer 24

to program IMD 16, e.g., select values for operational parameters of the IMD 16.

For example, the user may use programmer 24 to retrieve information from IMD

16 regarding the rhythm of heart 12, trends therein over time, or arrhythmic

episodes.

[0030] As an example, the user may use programmer 24 to retrieve information

from IMD 16 regarding other sensed physiological parameters of patient 14 or

information derived from sensed physiological parameters, such as intracardiac or

intravascular pressure, activity, posture, tissue oxygen levels, blood oxygen levels,

respiration, tissue perfusion, heart sounds, cardiac electrogram (EGM), intracardiac

impedance, or thoracic impedance. In some examples, the user may use

programmer 24 to retrieve information from IMD 16 regarding the performance or

integrity of IMD 16 or other components of system 10A, or a power source of IMD

16. As another example, the user may interact with programmer 24 to program,

e.g., select parameters for, therapies provided by IMD 16, such as pacing and,

optionally, neurostimulation.

[0031] IMD 16 and programmer 24 may communicate via wireless communication

using any techniques known in the art. Examples of communication techniques

may include, for example, low frequency or radiofrequency (RF) telemetry, but

other techniques are also contemplated. In some examples, programmer 24 may

include a telemetry head that may be placed proximate to the patient's body near

the IMD 16 implant site in order to improve the quality or security of

communication between IMD 16 and programmer 24.

[0032] Programmer 24, shown and described in more detail below with respect to

FIGS. 2-12, includes a computer module and a mating medical device module. The

computer module includes a user interface with a touchscreen, and the patient

programming module includes telemetry and/or electrodcardiography (ECG)

functions of the programmer. The computer module may be configured to store

therapy delivery and sensing parameters and history as well as other patient data.



The computer module and the medical device module may mate to form a

congruent external surface of the programmer.

[0033] Distributing the functions of a programmer into a computer module and a

medical device module may provide one or more advantages. As one example, the

life cycle of a programmer may be significantly greater than the life cycle of

computer components used in the manufacture of the programmer. For example, a

programmer may include many different computer components such as memory,

hard drive, processor, peripheral device interface and other interfaces, battery. By

separating the computer module functions from a medical device module that

directly interacts with the IMD, the design of the programmer can be more easily

changed to include new computer hardware components than if the programmer is

a single integrated device. This can reduce the cost of a programmer over the life

cycle of a programmer design as well as provide for increased performance of

programmers utilizing the same general design but including newly available

computer hardware components. If computer components utilized in an initial

design of programmer became unavailable, there can be a significant cost to

modify the design; however, this cost is mitigated if only the computer module

design is modified. For example, medical devices that directly communicate with

IMDs may undergo an extensive regulatory approval process. In a programmer

having a medical device module separate from a computer module that can only

communicate with the IMD via the medical device module, computer hardware

upgrades and design changes to computer module may undergo less regulatory

scrutiny than computer hardware upgrades and design changes to a unitary

programmer.

[0034] As another example, the computer module may have substantially similar

hardware to that of a commercially available tablet computer. In such an example,

the design costs of the tablet computer may be leveraged to reduce the design costs

for the programmer. For example, the computer module may include a circuit

board having a substantially similar layout to that of a commercially available

tablet computer. In such an example, the computer module may include different

software than the commercially available tablet computer to limit the functionality

of the computer module. For example, the computer module may include a BIOS



or other software or firmware, that only allows specific programs or processes to

run on the computer module. This may prevent unneeded programs from utilizing

system resources of the computer module and reduce the susceptibility of the

computer module to system instability from untested software and viruses.

[0035] The configuration of system 10 illustrated in FIG. 1 is merely one example.

In other examples, a system may include epicardial leads and/or patch electrodes

instead of or in addition to the transvenous leads 18, 20, 22 illustrated in FIG. 1.

Further, IMD 16 need not be implanted within patient 14. In examples in which

IMD 16 is not implanted in patient 14, IMD 16 may deliver defibrillation pulses

and other therapies to heart 12 via percutaneous leads that extend through the skin

of patient 14 to a variety of positions within or outside of heart 12. For each of

these examples, any number of the medical leads may include a set of active

fixation tines on a distal end of the medical lead in accordance with the techniques

described herein.

[0036] In addition, in other examples, a system may include any suitable number

of leads coupled to IMD 16, and each of the leads may extend to any location

within or proximate to heart 12. For example, other examples of systems may

include three transvenous leads located as illustrated in FIG. 1, and an additional

lead located within or proximate to left atrium 36. Other examples of systems may

include a single lead that extends from IMD 16 into right atrium 26 or right

ventricle 28, or two leads that extend into a respective one of the right ventricle 28

and right atrium 26. Any electrodes located on these additional leads may be used

in sensing and/or stimulation configurations.

[0037] As another example, programmer 16 may be used with other IMDs. For

example, programmer 16 may be used in a system with leadless sensors or cardiac

stimulators or in a system with an infusion device, such as an implantable drug

pump that delivers a therapy fluid to a patient.

[0038] FIGS. 2 - 11 illustrate components programmer 24. Programmer 24 is a

handheld medical device programmer including computer module 96 and a

separate medical device module 98. FIG. 2 illustrates front side 100 of programmer

24, including touchscreen 102. As an example, touchscreen 102 may have

viewable area diagonal dimension of approximately twelve inches, although



touchscreens of other sizes may also be used. FIG. 2 also indicates bottom 110, top

120, left side 130, and right side 140. As referred to herein, the sides of

programmer 24 are labeled relative to touchscreen 102.

[0039] Only computer module 96 is visible in FIG. 2, with the exception of

kickstand 180, which is part of medical device module 98. Computer module 96

includes computer module housing 101, which encases the electronic components

of computer module 96. As shown in FIG. 2, front side 100 of programmer 24

includes a user interface with touchscreen 102, speakers 104 and buttons 106. As

examples, buttons 106 may be used to initiate one or more following operations:

on/off, WiFi on/off, activate barcode reader, emergency notification and initiate an

online print session. Feet 112 are on bottom 110 and provide shock protection for

programmer 24. FIG. 2 also indicates left side connector covers 132 and right side

connector cover 142. These connector covers may fit within connectors on the

sides of computer module 96 and serve to protect the connectors, e.g., from dirt

and impacts.

[0040] FIG. 3 illustrates an exploded view of the programmer 24 with medical

device module 98 separated from the computer module 96, whereas FIG. 4

illustrates computer module 96 and FIG. 5 illustrates medical device module 98.

Computer module housing 101 defines recess 150 in computer module 96, which is

configured to receive medical device module housing 161. Programmer 24, further

includes cable 99, which connects to connector 159 (FIG. 4) on computer module

96 and connector 169 (FIG. 5) on medical device module 98. Cable 99 handles all

communications between medical device module 98 and computer module 96. In

one example, cable 99, connector 159 and connector 169 may conform to a

proprietary connection specification. Using a proprietary connection instead of a

standard computer interface may make it difficult to interact with medical device

module 98 with device other than computer module 96 (such as standard

computer), thereby increasing the security and reliability of medical device module

98.

[0041] Top 120, bottom 110 and recess 150 of computer module 96 are each

shown in FIG. 4 . Handle 122 is located on top 120 of computer module 96. Handle

122 allows for easy transport of programmer 24. In one example, handle 122 may



be formed from a molded elastomer and provide shock protection for programmer

24.

[0042] Bottom 110 includes docking station connector 114 and feet 112. Feet 112

provide the base of programmer 24 and may also be formed from a molded

elastomer to provide shock protection for programmer 24. In one example, feet 112

may be hollow to provide shock protection for programmer 24. As described in

greater detail with respect to FIGS. 9 - 10, Feet 112 form a convex outer surface

113 that provides an about consistent contact surface area to support programmer

24 at any angle between an upright position (FIG. 9) and a reclined position (FIG.

10).

[0043] Connector 159 and cooling fan 151 are located within recess 150. Cooling

fan 151 operates to cool electronic components of computer module 96. Cooling

fan 151 includes fan grate 152, which provides the airflow outlet of for cooling fan

15 1. As further shown in FIG. 4, the back side of computer module 96 includes

airflow inlets 154 above and below recess 150 to allow air into housing 101 of

computer module 96.

[0044] Ground plane pads 156 are also located within recess 150 and are

configured to mate with ground clips of medical device module 98 to provide

electrical grounding of medical device module 98. As an example, ground clip 166

is shown in FIG. 5 .

[0045] Recess 150 is configured to receive medical device module housing 161

such that computer module housing 101 and medical device module housing 161

combine to form a congruent external surface of programmer 24. For example, as

shown in FIG. 6, the back side 170 of programmer 24 includes both computer

module housing 101 and medical device module housing 161. As another example,

as shown in FIG. 7, the right side 140 of programmer 24 includes both computer

module housing 101 and medical device module housing 161 and, as shown in

FIG. 8, the left side 130 of programmer 24 includes both computer module housing

101 and medical device module housing 161.

[0046] Recess 150 of computer module 96 includes features to align medical

device module 98 with computer module 96 to provide a congruent external

surface of programmer 24. For example, grooves 157 (FIG. 3) are formed in recess



150 and are configured to mate with protrusions 167 (FIG. 5) of medical device

module 98. As another example, sides 153 of recess 150 have the same shape and

profile as sides 163 (FIG. 5) of medical device module 98. Sides 153 also include

threaded screw holes that align with holes in medical device module 98 to facilitate

attaching medical device module 98 to computer module 96 within recess 150.

[0047] The interior surface of medical device module 98 is shown in FIG. 5 . The

interior surface of medical device module 98 is formed by medical device module

housing 161 and includes the underside of telemetry head cable bay 172 and the

underside of electrocardiogram (ECG) cable bay 176. Telemetry head cable

interface connector 175 extends through the sidewall of telemetry head cable bay

172 and ECG cable interface connector 179 extends through the sidewall of ECG

cable bay 176.

[0048] Medical device module 98 includes fan grate 162, which allows airflow

from cooling fan 151 (FIG. 4) to pass through medical device module 98. Fan grate

162 is positioned between ECG cable bay 176 and telemetry head cable bay 172.

Kickstand 180 is shown in a fully-collapsed position in FIG. 5 . Kickstand 180

includes aperture 188 (FIG. 6), which is adjacent fan grate 162 when kickstand 180

is in the fully-collapsed position. Aperture 188 allows airflow from the cooling fan

151 to pass through fan grate 162 when kickstand 180 is in the fully-collapsed

position.

[0049] FIG. 5 further illustrates connector 169, which provides a connection from

medical device module 98 to computer module 96 via cable 99 and ground clip

166, which provides grounding for medical device module 98 via a ground plane

156 of computer module 96 when medical device module 98 is within recess 150.

[0050] FIG. 6 illustrates back side 170 of programmer 24 with ECG cable bay

door 177 and telemetry head cable bay door 173 being open. ECG cable bay door

177 provides access to ECG cable bay 176, and telemetry head cable bay door 173

provides access to telemetry head cable bay 172. Telemetry head cable interface

connector 175 is within telemetry head cable bay 172 and ECG cable interface

connector 179 (FIG. 7) is within ECG cable bay 176.

[0051] FIG. 7 illustrates right side 140 of programmer 24 and depicts telemetry

head cable interface connector 179 within telemetry head cable bay 172. Similarly,



FIG. 8 illustrates left side 130 of programmer 24 and depicts telemetry head cable

interface connector 175 within ECG bay 172. Telemetry head cable interface

connector 175 is adapted to be coupled with a telemetry head cable and telemetry

head cable bay 172 is sized to hold a telemetry head cable (not shown). For

example, a telemetry head cable may include a first end adapted to be coupled with

telemetry head cable interface connector 175 and a second end including a

telemetry head with an antenna configured to send and receive communications

with IMD 16 (FIG. 1) through the skin of patient 14 (FIG. 1). Similarly, ECG cable

interface connector 179 is adapted to be coupled with an ECG cable and ECG

cable bay 176 is sized to hold an ECG cable (not shown). An ECG cable may

include a first end adapted to be coupled with ECG cable interface connector 179

and a second end including transcutaneous ECG electrodes configured to be

applied to the skin of patient 14 to sense electrical signals of patient 14.

[0052] As shown in FIG. 9, left side 130 of programmer 24 includes a plurality of

connectors in computer module 96. For example, left side 130 of programmer 24

includes peripheral device interfaces 133, which may be, e.g., a universal serial bus

(USB) port such as a port meeting USB 1.1, USB 2.0, USB 3.0, Mini-USB, or

Micro-USB specifications. Left side 130 of programmer 24 further includes video

interface 143, which may be a Video Graphics Array (VGA) connector, a High-

Definition Multimedia Interface (HDMI) connector, a Separate Video (S-Video)

connector or another connector. In addition, left side 130 of programmer 24 further

includes audio jacks 135, which may include microphone and/or headphone

capabilities, computer networking port 136, which may be an RJ-45 port to provide

an Ethernet connection, and power supply jack 137, which may be configured to

receive either alternating current or direct current to power computer module 96,

medical deivce module 98 and/or charge battery 144. FIG. 9 also illustrates

telemetry head cable bay door 173 in a closed position and shows cable aperture

174, which provides access to telemetry head cable bay 172.

[0053] As shown in FIG. 10, right side 140 of programmer 24 includes bar code

reader 146, computer expansion card slot 143, which may conform to Peripheral

Component Interconnect (PCI) PCI express, PCI extended, or other computer

expansion card specifications, and a slot to receive battery 144. FIG. 10 also



illustrates ECG cable bay door 177 in a closed position and shows cable aperture

178, which provides access to ECG cable bay 176.

[0054] FIG. 9 illustrates left side 130 of programmer 24 with programmer 24

supported on substantially flat surface 200 in an upright position by feet 112 of

computer module 96 and kickstand 180 of medical device module 98. Kickstand

180 is in a fully-collapsed position in FIG. 9 . In contrast, FIG. 10 illustrates left

side 140 of programmer 24 with programmer 24 supported on substantially flat

surface 200 in a reclined position by feet 112 of computer module 96 and

kickstand 180 of medical device module 98. Kickstand 180 is in an extended

position in FIG. 10.

[0055] When kickstand 180 is in a fully-collapsed position, and programmer 24 is

supported on substantially flat surface 200 in a reclined position, angle 202 (FIG.

9) may be between eighty and ninety degrees. For example, angle 204 may be

about eighty-seven degrees.

[0056] Feet 112 form a convex outer surface 113 that provides an about consistent

contact surface area to support programmer 24 at any angle between the upright

position and the reclined position. The configuration of feet 112 and convex outer

surface 113 in particular provides sufficient grip force for programmer 24 at any

angle between the upright position and the reclined position.

[0057] FIG. 11 illustrates programmer 24 with an exploded view of components of

kickstand 180. As shown in FIG. 11, kickstand 180 is connected to medical device

module housing 161 with friction hinge 190. Hinge mounting screws 192 secure

friction hinge 190 to metal mounting plate 199 in medical device module housing

161. Covers 198 snap in place within medical device module housing 161 to cover

screws 192 and metal mounting plate 199. When mounted to metal mounting plate

199 by screws 192, friction hinge 190 is in direct contact with metal mounting

plate 199. This configuration mitigates "creep" which can occur when plastic

components are under strain over time as compared to a design in which friction

hinge 190 compresses a plastic component of medical device module housing 161

when mounted to medical device module housing 161.

[0058] Kickstand 180 is formed from metal insert 182, which is covered by upper

molded plastic cover 184, and lower molded plastic cover 185. Metal insert 182



extends substantially the entire length of kickstand 180. Kickstand 180 further

includes molded elastomer foot 186, which may have a lower durometer than

upper molded plastic cover 184, and lower molded plastic cover 185 to increase

friction between kickstand 180 and a supporting surface. Metal insert 182, upper

molded plastic cover 184, lower molded plastic cover 185 and molded elastomer

foot 186 are held together with screws 187, and kickstand is attached to friction

hinge 190 by screws 194.

[0059] Metal insert 182, upper molded plastic cover 184 and lower molded plastic

cover 185 combine to form aperture 188, which allows airflow from cooling fan

151 (FIG. 3) to pass through fan grate 162 (FIG. 6) when kickstand 180 is in the

fully-collapsed position. Metal insert 182 and upper molded plastic cover 184 also

combine to form Kensington security slot 189, which may be used to lock

programmer 24 using a standard Kensington lock.

[0060] Friction hinge 190 provides infinite adjustability for kickstand 180 between

the upright and reclined positions. Further, friction hinge 190 provides sufficient

opening resistance at every position between the upright position and the reclined

position to allow a user to provide user inputs to programmer 24 by pressing on

touch screen 102 without causing kickstand 180 to extend further when

programmer 24 is supported by feet 112 and kickstand 180 on a flat surface.

Molded elastomer foot 186 and feet 112 may have a durometer of about seventy

Shore A to provide adequate friction to support programmer 24.

[0061] In some example, friction hinge 190 may provide a greater opening

resistance than closing resistance. For example, friction hinge 190 may provide an

opening resistance least 50 percent greater than the closing resistance of friction

hinge 190. As another example, friction hinge 190 may provide an opening

resistance of about twenty in-lbs and a closing resistance of about fourteen in-lbs.

[0062] FIG. 12 is a block diagram of an example configuration of programmer 24.

FIG. 12 illustrates functional components of computer module 96 and medical

device module 98. Computer module 96 includes user interface 54, which may

include a touchscreen that displays data received from IMD 16 (FIG. 1) and

receive input from a user. Computer module 96 also includes memory 52, which

may store selectable patient therapy and sensing parameters for IMD 16 as well as



therapy and sensing history information other patient data. Processor 50 receives

user input from user interface 54 and communicates with medical device module

98 via a computer module interface, such as connector 159 (FIG. 4) and a medical

device module interface, such as connector 169 (FIG. 5) of medical device module

98. As discussed previously, connector 159 of computer module 96 is in electrical

communication with connector 169 of medical device module 98 via cable 99.

[0063] Computer module 96 further includes power source 58, which may be a

rechargeable power source. Both medical device module 98 and computer module

96 are powered by power source 58. In this manner, medical device module 98 is

dependent on being connected to computer module 96 to operate.

[0064] Medical device module 98 includes ECG module 55 and telemetry module

56, which are controlled by medical device module processor 57. ECG module 55

includes an ECG cable interface connector adapted to be coupled with an ECG

cable, such as ECG cable interface connector 179 (FIG. 7), and ECG signal

interface circuitry that converts analog ECG signals from the ECG cable interface

connector to digital ECG signals that correspond to the analog ECG signals.

[0065] Telemetry module 56 wirelessly communicates with 16. Medical device

module processor 57 operates to forward communications between computer

module processor 50 and IMD 16 via telemetry module 56 and connector 169.

Programming commands or data are transmitted between an IPG telemetry antenna

within IPG 1 and a telemetry head telemetry antenna within telemetry head 20

during a telemetry uplink transmission 28 or downlink transmission 30. In a

telemetry uplink transmission 28, the telemetry head telemetry antenna operates as

a telemetry receiver antenna, and the IPG telemetry antenna operates as a telemetry

transmitter antenna. Conversely, in a telemetry downlink transmission 30, the

telemetry head telemetry antenna operates as a telemetry transmitter antenna, and

the IPG telemetry antenna operates as a telemetry receiver antenna.

[0066] Programmer 24 is typically employed during implantation of an IMD to

program initial operating modes and parameter values and to obtain implant patient

data for the patient's medical record. Programmer 24 is also employed from time to

time during routine patient follow-up visits or when a clinical issue arises causing

the patient to seek medical assistance in order to uplink telemeter patient data and



IMD operating stored data to the programmer for analysis. In use, the attending

medical care giver applies the ECG skin electrodes to the patient's body and/or

holds telemetry head against the patient's skin and over the IMD 16 to align the

transceiver antennas in each as close together and as still as possible to ensure

reliable telemetry transmission.

[0067] A user may use programmer 24 to select therapy programs (e.g., sets of

stimulation parameters), generate new therapy programs, or modify therapy

programs for IMD 16. The clinician may interact with programmer 24 via user

interface 54.

[0068] Processor 50 can take the form of one or more microprocessors, DSPs,

ASICs, FPGAs, programmable logic circuitry, or the like, and the functions

attributed to processor 50 in this disclosure may be embodied as hardware,

firmware, software or any combination thereof. Memory 52 may store instructions

and information that cause processor 50 to provide the functionality ascribed to

programmer 24 in this disclosure. Memory 52 may include any fixed or removable

magnetic, optical, or electrical media, such as RAM, ROM, CD-ROM, hard or

floppy magnetic disks, EEPROM, or the like. Memory 52 may also include a

removable memory portion that may be used to provide memory updates or

increases in memory capacities. A removable memory may also allow patient data

to be easily transferred to another computing device, or to be removed before

programmer 24 is used to program therapy for another patient. Memory 52 may

also store information that controls therapy delivery by IMD 16, such as

stimulation parameter values.

[0069] Programmer 24 may communicate wirelessly with IMD 16, such as using

RF communication or proximal inductive interaction. This wireless communication

is possible through the use of telemetry module 56, which may be coupled to an

internal antenna or an external antenna. An external antenna that is coupled to

programmer 24 may correspond to the telemetry head that may be placed over

heart 12.

[0070] Telemetry module 56 may also be configured to communicate with another

computing device via wireless communication techniques, or direct

communication through a wired connection. Examples of local wireless



communication techniques that may be employed to facilitate communication

between programmer 24 and another computing device include RF communication

according to the 802.1 1 or Bluetooth® specification sets, infrared communication,

e.g., according to the IrDA standard, or other standard or proprietary telemetry

protocols. In this manner, other external devices may be capable of communicating

with programmer 24 without needing to establish a secure wireless connection. An

additional computing device in communication with programmer 24 may be a

networked device such as a server capable of processing information retrieved

from lMD 16.

[0071] In some examples, processor 50 of programmer 24 configured to perform

any of the following techniques: analyze data from IMD 16, calibrate sensing

and/or therapy delivery functions of IMD 16, present data to the user via the user

interface 54 for review or analysis, provide instructions to the user via user

interface 54, provide alarms to the user via user interface 54, store selectable

therapy delivery and/or sensing parameters of the IMD memory 52, provide an

indication of therapy delivery parameters selected by the user to IMD 16 via

medical device module 98 and/or store a therapy delivery and/or sensing history of

IMD 16 in memory 52.

[0072] FIG. 13 is a functional block diagram illustrating one example

configuration of IMD 16 of FIG. 1. In the example illustrated by FIG. 13, IMD 16

includes a processor 80, memory 82, signal generator 84, electrical sensing module

86, telemetry module 88, and power source 89. Memory 82 may include computer-

readable instructions that, when executed by processor 80, cause IMD 16 and

processor 80 to perform various functions attributed to IMD 16 and processor 80

herein. Memory 82 may be a computer-readable storage medium, including any

volatile, non-volatile, magnetic, optical, or electrical media, such as a random

access memory (RAM), read-only memory (ROM), non-volatile RAM (NVRAM),

electrically-erasable programmable ROM (EEPROM), flash memory, or any other

digital or analog media.

[0073] Processor 80 may include any one or more of a microprocessor, a

controller, a digital signal processor (DSP), an application specific integrated

circuit (ASIC), a field-programmable gate array (FPGA), or equivalent discrete or



integrated logic circuitry. In some examples, processor 80 may include multiple

components, such as any combination of one or more microprocessors, one or

more controllers, one or more DSPs, one or more ASICs, or one or more FPGAs,

as well as other discrete or integrated logic circuitry. The functions attributed to

processor 80 in this disclosure may be embodied as software, firmware, hardware

or any combination thereof. Processor 80 controls signal generator 84 to deliver

stimulation therapy to heart 1 according to operational parameters or programs,

which may be stored in memory 82. For example, processor 80 may control signal

generator 84 to deliver electrical pulses with the amplitudes, pulse widths,

frequency, or electrode polarities specified by the selected one or more therapy

programs.

[0074] Signal generator 84, as well as electrical sensing module 86, is electrically

coupled to electrodes of IMD 16 and/or leads coupled to IMD 16. In the example

illustrated in FIG. 13, signal generator 84 is configured to generate and deliver

electrical stimulation therapy to heart 12. For example, signal generator 84 may

deliver pacing, cardioversion, defibrillation, and/or neurostimulation therapy via at

least a subset of the available electrodes. In some examples, signal generator 84

delivers one or more of these types of stimulation in the form of electrical pulses.

In other examples, signal generator 84 may deliver one or more of these types of

stimulation in the form of other signals, such as sine waves, square waves, or other

substantially continuous time signals.

[0075] Signal generator 84 may include a switch module and processor 80 may use

the switch module to select, e.g., via a data/address bus, which of the available

electrodes are used to deliver stimulation signals, e.g., pacing, cardioversion,

defibrillation, and/or neurostimulation signals. The switch module may include a

switch array, switch matrix, multiplexer, or any other type of switching device

suitable to selectively couple a signal to selected electrodes.

[0076] Electrical sensing module 86 monitors signals from at least a subset of the

available electrodes, e.g., to monitor electrical activity of heart 12. Electrical

sensing module 86 may also include a switch module to select which of the

available electrodes are used to sense the heart activity. In some examples,

processor 80 may select the electrodes that function as sense electrodes, i.e., select



the sensing configuration, via the switch module within electrical sensing module

86, e.g., by providing signals via a data/address bus.

[0077] In some examples, electrical sensing module 86 includes multiple detection

channels, each of which may comprise an amplifier. Each sensing channel may

detect electrical activity in respective chambers of heart 12, and may be configured

to detect either R-waves or P-waves. In some examples, electrical sensing module

86 or processor 80 may include an analog-to-digital converter for digitizing the

signal received from a sensing channel for electrogram (EGM) signal processing

by processor 80. In response to the signals from processor 80, the switch module

within electrical sensing module 86 may couple the outputs from the selected

electrodes to one of the detection channels or the analog-to-digital converter.

[0078] During pacing, escape interval counters maintained by processor 80 may be

reset upon sensing of R-waves and P-waves with respective detection channels of

electrical sensing module 86. Signal generator 84 may include pacer output circuits

that are coupled, e.g., selectively by a switching module, to any combination of the

available electrodes appropriate for delivery of a bipolar or unipolar pacing pulse

to one or more of the chambers of heart 12. Processor 80 may control signal

generator 84 to deliver a pacing pulse to a chamber upon expiration of an escape

interval. Processor 80 may reset the escape interval counters upon the generation of

pacing pulses by signal generator 84, or detection of an intrinsic depolarization in a

chamber, and thereby control the basic timing of cardiac pacing functions. The

escape interval counters may include P-P, V-V, RV-LV, A-V, A-RV, or A-LV

interval counters, as examples. The value of the count present in the escape interval

counters when reset by sensed R-waves and P-waves may be used by processor 80

to measure the durations of R-R intervals, P-P intervals, P-R intervals and R-P

intervals. Processor 80 may use the count in the interval counters to detect heart

rate, such as an atrial rate or ventricular rate. In some examples, an IMD may

include one or more sensors in addition to electrical sensing module 86. For

example, an IMD may include a pressure sensor and/or an oxygen sensor (for

tissue oxygen or blood oxygen sensing).

[0079] Telemetry module 88 includes any suitable hardware, firmware, software or

any combination thereof for communicating with another device, such as



programmer 24 (FIGS. 1 and 2). Under the control of processor 80, telemetry

module 88 may receive downlink telemetry from and send uplink telemetry to

programmer 24 with the aid of an antenna, which may be internal and/or external.

Processor 80 may provide the data to be uplinked to programmer 24 and receive

downlinked data from programmer 24 via an address/data bus. In some examples,

telemetry module 88 may provide received data to processor 80 via a multiplexer.

[0080] The techniques described in this disclosure may be applicable to IMDs that

support sensing and delivery of therapy. In other examples, the techniques may be

applicable to IMDs that provide sensing only. The techniques described in this

disclosure, including those attributed to IMD 16 and programmer 24, or other

elements such as modules or components of such devices, may be implemented, at

least in part, in hardware, software, firmware or any combination thereof. Even

where functionality may be implemented in part by software or firmware, such

elements will be implemented in a hardware device. For example, various aspects

of the techniques may be implemented within one or more processors, including

one or more microprocessors, DSPs, ASICs, FPGAs, or any other equivalent

integrated or discrete logic circuitry, as well as any combinations of such

components, embodied in programmers, such as physician or patient programmers,

stimulators, or other devices. The term "processor" or "processing circuitry" may

generally refer to any of the foregoing circuitry, alone or in combination with other

circuitry, or any other equivalent circuitry.

[0081] Such hardware, software, or firmware may be implemented within the same

device or within separate devices to support the various operations and functions

described in this disclosure. In addition, any of the described units, modules or

components may be implemented together or separately as discrete but

interoperable logic devices. Depiction of different features as modules or units is

intended to highlight different functional aspects and does not necessarily imply

that such modules or units must be realized by separate hardware or software

components. Rather, functionality associated with one or more modules or units

may be performed by separate hardware or software components, or integrated

within common or separate hardware or software components.



[0082] When implemented in software, the functionality ascribed to the systems,

devices and techniques described in this disclosure may be embodied as

instructions on a non-transitory computer-readable medium such as RAM, ROM,

NVRAM, EEPROM, FLASH memory, magnetic data storage media, optical data

storage media, or the like. The instructions may be executed to support one or

more aspects of the functionality described in this disclosure.

[0083] Various examples have been described.

[0084] In one example, a medical device programmer comprises a medical device

module and a computer module. The medical device module comprises a medical

device module housing including mating features, a telemetry module that

wirelessly communicates with an implantable medical device (IMD) that delivers

therapy to a patient, an telemetry head cable bay with a telemetry head cable bay

door in the medical device module housing, the telemetry head cable door

providing access to the telemetry head cable bay, a telemetry head cable interface

connector adapted to be coupled with a telemetry head cable, wherein the telemetry

head cable interface connector is within the telemetry head cable bay, an

electrocardiogram (ECG) module including an ECG cable interface connector

adapted to be coupled with an ECG cable and including ECG signal interface

circuitry that converts analog ECG signals from the ECG cable interface connector

to digital ECG signals that correspond to the analog ECG signals, an ECG cable

bay with an ECG cable bay door in the medical device module housing, the ECG

cable bay door providing access to the ECG cable bay, wherein the ECG cable

interface connector is within the ECG cable bay, a medical device module

interface, and a medical device module processor communicates with the IMD via

the telemetry module. The computer module comprises a computer module

housing including complimentary mating features that compliment the mating

features of the medical device module housing such that the computer module

housing and the medical device module housing combine to form a congruent

external surface of the programmer, a user interface including a touchscreen that

displays data received from the IMD and receives input from a user, a memory that

stores selectable patient therapy parameters for the IMD, a computer module

interface in electrical communication with the medical device module interface, a



computer module processor that communicates with the medical device module via

the computer module interface, and a rechargeable power source. The medical

device module is powered by the rechargeable power source of the computer

module. The medical device module processor forwards communications between

the computer module processor and the IMD via the medical device module

interface and the telemetry module. In a further example, the programmer is

included in a system further comprising the IMD.

[0085] In some examples, the programmer may include the additional features of

wherein the computer module housing includes a base, wherein the medical device

module includes an adjustable kickstand on a side of the medical device module

housing that opposes the touchscreen, wherein the kickstand is configured to

combine with the base to support the programmer in a upright position when the

kickstand is fully-collapsed, wherein the kickstand is configured to combine with

the base to support the programmer in a reclined position when the kickstand is

fully-extended, wherein when the programmer is supported by the kickstand and

the base on a flat surface in the upright position with the kickstand fully-collapsed,

the touchscreen is at an angle of about 80 degrees to about 90 degrees the flat

surface, wherein when the programmer is supported by the kickstand and the base

on the flat surface in the reclined position with the kickstand fully-extended, the

touchscreen is at an angle of less than about 45 degrees to the flat surface, wherein

the kickstand provides infinite adjustability between the upright and reclined

positions, and wherein the base includes a convex outer surface that provides an

about consistent contact surface area to support the programmer at any angle

between the upright position and the reclined position. The base may include at

least two feet formed from a molded elastomer, and the feet may combine to form

the convex outer surface of the base. The computer module may include a cooling

fan to cool electronic components of the computer module, and the medical device

module may include a fan grate that allows airflow from the cooling fan to pass

through the medical device module. The fan grate may be positioned between the

ECG cable bay and the telemetry head cable bay.



CLAIMS:

1. A medical device programmer comprising:

a medical device module comprising:

a medical device module housing including mating features;

a telemetry module that wirelessly communicates with an

implantable medical device (IMD) that delivers therapy to a patient;

a medical device module interface; and

a medical device module processor that communicates with the

IMD via the telemetry module; and

a computer module comprising:

a computer module housing including complimentary mating

features that compliment the mating features of the medical device module housing

such that the computer module housing and the medical device module housing

combine to form a congruent external surface of the programmer;

a user interface including a touchscreen that displays data received

from the IMD and receives input from a user;

a memory that stores selectable patient therapy parameters for the

IMD;

a computer module interface in electrical communication with the

medical device module interface; and

a computer module processor that communicates with the medical

device module via the computer module interface,

wherein the medical device module processor forwards communications

between the computer module processor and the IMD via the medical device

module interface and the telemetry module.



2 . The programmer of claim 1, wherein the medical device module further

comprises an electrocardiogram (ECG) module, wherein the ECG module

includes:

an ECG cable interface connector adapted to be coupled with an ECG

cable; and

ECG signal interface circuitry that converts analog ECG signals from the

ECG cable interface connector to digital ECG signals that correspond to the analog

ECG signals.

3 . The programmer of claim 2, wherein the medical device module comprises

a bay and the medical device module housing includes a bay door that provides

access to the bay, wherein the ECG cable interface connector is within the bay.

4 . The programmer of claim 3, further comprising an ECG cable having a first

end coupled with the ECG cable interface connector and a second end including a

plurality of ECG electrodes configured to be applied to the skin of the patient,

wherein the ECG cable fits within the bay.

5 . The programmer of any of claims 3 or 4,

wherein the bay is an ECG cable bay and the bay door is an ECG cable bay

door,

wherein the medical device module comprises a telemetry head cable bay

and the medical device module housing includes a telemetry head cable bay door

that provides access to the telemetry head cable bay, and

wherein the medical device module further comprises a telemetry head

cable interface connector adapted to be coupled with a telemetry head cable,

wherein the telemetry head cable interface connector is within the telemetry head

cable bay.



6 . The programmer of claim 5, further comprising a telemetry head cable

having a first end coupled with the telemetry head cable interface connector and a

second end including a telemetry head with an antenna configured to send and

receive communications with the IMD through the skin of the patient,

wherein the telemetry head cable fits within the telemetry head cable bay.

7 . The programmer of claim 6,

wherein the computer module includes a cooling fan to cool electronic

components of the computer module,

wherein the medical device module includes a fan grate that allows airflow

from the cooling fan to pass through the medical device module, and

wherein the fan grate is positioned between the ECG cable bay and the

telemetry head cable bay.

8. The programmer of any of claims 1-7,

wherein the computer module includes a cooling fan to cool electronic

components of the computer module, and

wherein the medical device module includes a fan grate that allows airflow

from the cooling fan to pass through the medical device module.

9 . The programmer of any of claims 1-8, wherein the computer module

housing defines a recess configured to receive the medical device module housing

such that the computer module housing and the medical device module housing

combine to form the congruent external surface of the programmer.

10. The programmer of any of claims 1-9, wherein the computer module

includes a rechargeable power source, wherein the medical device module is

powered by the rechargeable power source of the computer module.



11. The programmer of any of claims 1-10, wherein the computer module

includes one or more interfaces selected from a group consisting of:

a computer expansion card slot;

a docking station connector;

a barcode reader;

a video interface;

a computer networking port;

a peripheral device interface;

an audio jack; and

a power supply jack.

12. The programmer of any of claims 1-1 1, wherein the computer module

processor is configured to perform at least one of a group consisting of:

analyze data from the IMD;

calibrate the IMD;

present data to the user via the user interface for review or analysis;

provide instructions to the user via the user interface;

provide alarms to the user via the user interface;

store selectable therapy delivery and/or sensing parameters of the IMD in

the memory;

provide an indication of therapy delivery parameters selected by the user to

the IMD via the medical device module; and

store a therapy delivery and/or sensing history of the IMD in the memory.

13. The programmer of any of claims 1-12, wherein the computer module

processor receives a user selection of therapy parameters for the IMD from the user

via the user interface.

14. A system comprising:

the IMD of any of claims 1-13; and

the medical device programmer of any of claims 1-13.



15. The system of claim 14, wherein the IMD comprises at least one of an

infusion device, a cardiac stimulator or a neurostimulator.
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