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(57) ABSTRACT 

A method and apparatus for protecting an electronic 
implantable medical device prior to it being implanted in a 
patient’s body. The apparatus affords protection against 
electronic component damage due to electrostatic discharge 
and/or physical damage due to improper handling. The 
apparatus is comprised of a circuit board having conductive 
surface means for receiving and releasably grasping the 
electrodes of the medical device to support the device’s 
housing proximate to the surface of the circuit board. First 
and second conductive paths are formed on the circuit board 
extending betWeen the ?rst and second conductive surfaces 
for shunting electrostatic discharge currents to prevent such 
currents from passing through the device’s electronic cir 
cuitry. The respective shunt paths include oppositely ori 
ented diodes, preferably comprising diodes Which emit light 
(i.e., LEDs) When current passes therethrough. Additionally, 
means are provided to enable functional testing of the 
medical device. 
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PROTECTION APPARATUS FOR IMPLANTABLE 
MEDICAL DEVICE 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 10/420,070, ?led Apr. 17, 2003, 
Which in turn is a continuation-in-part of US. Pat. No. 
6,551,345. 

FIELD OF THE INVENTION 

[0002] This invention relates generally to a method and 
apparatus for use With an electronic implantable medical 
device for protecting the device from physical and/or elec 
trostatic discharge damage prior to medically implanting the 
device in a patient’s body. Moreover, preferred embodi 
ments of the invention afford the ability to functionally test 
the device Without removing it from its steriliZed shipping 
container prior to implantation. 

BACKGROUND OF THE INVENTION 

[0003] Many types of electronic medical devices are 
knoWn Which are intended for implantation in a patient’s 
body. Although these devices vary Widely in design, they 
typically include a housing containing electronic circuitry 
connected to tWo or more electrodes Which extend exteriorly 
from the housing (or one or more electrodes When the 
housing is the other electrode). The circuitry can, for 
example, include a functional circuit (e.g., a pulse genera 
tor), a poWer supply circuit (e.g., rechargeable battery), and 
a transceiver for Wirelessly communicating With an external 
controller. Implantable medical devices of this sort are 
useful in a variety of applications for stimulating muscle or 
nerve tissue and/or monitoring body parameters. See, for 
example, US. Pat. Nos. 6,164,284; 6,185,452; 6,208,894; 
6,315,721; and 6,472,991; Which primarily relate to such 
devices that are battery poWered, each of Which is incorpo 
rated by reference herein in their entirety. Also see, for 
example, US. Pat. Nos. 5,193,539; 5,193,540; 5,312,439; 
5,324,316; and 5,405,367; Which primarily relate to such 
devices that are RF poWered, each of Which is incorporated 
by reference herein in their entirety. 

[0004] To minimiZe device failure and maximiZe device 
reliability, it is important that an electronic medical device 
be properly handled along the entire chain from manufac 
turing, through shipping and storage, and on to the medical 
procedure for implanting the device in a patient’s body. For 
example, improper handling can subj ect the device to physi 
cal damage and/or component damage due to electrostatic 
discharge (ESD). 

SUMMARY OF THE INVENTION 

[0005] The present invention is directed to a method and 
apparatus for protecting an electronic implantable medical 
device prior to it being implanted in a patient’s body. More 
particularly, a method and apparatus in accordance With the 
invention affords protection to the medical device from just 
after manufacture to just prior to implantation. Protection is 
afforded against electronic component damage due to elec 
trostatic discharge and/or physical damage due to improper 
handling. 
[0006] Embodiments of the invention are particularly 
valuable When used With small fragile medical devices 
Which often comprise an electronic circuit housing having 

Oct. 30, 2003 

an axial dimension of less than 60 mm and a lateral 
dimension of less than 6 mm. The housing typically contains 
electronic circuitry Which is electrically connected to ?rst 
and second electrodes Which extend exteriorly from the 
housing. See, for example, US. Pat. Nos. 6,164,284; 6,185, 
452; 6,208,894; 6,315,721; and 6,472,991; Which primarily 
relate to such devices that are battery poWered, each of 
Which is incorporated by reference herein in their entirety. 
Also see, for example, US. Pat. Nos. 5,193,539; 5,193,540; 
5,312,439; 5,324,316; and 5,405,367; Which primarily relate 
to such devices that are RF poWered, each of Which is 
incorporated by reference herein in their entirety. 

[0007] A preferred apparatus in accordance With the 
invention is comprised of a circuit board having ?rst and 
second connective surfaces integral to the circuit board. The 
connective surfaces are con?gured using elastic O-rings to 
receive and releasably grasp the electrodes of a medical 
device housing to support the housing proximate to the 
surface of the circuit board. First and second conductive 
paths are formed on the circuit board extending betWeen the 
?rst and second connective surfaces for shunting electro 
static discharge currents to prevent such currents from 
passing through the device’s electronic circuitry. Preferably, 
the respective shunt paths include oppositely oriented 
diodes, preferably comprising diodes Which emit visual light 
(i.e., LEDs) When current passes therethrough. 

[0008] In accordance With the invention, a medical device 
is preferably mounted in the protective apparatus as a late 
step in the device manufacturing process. The protection 
apparatus/device combination is then placed into a shipping 
container. The combination remains engaged until the 
device is ready for medical implantation in a patient’s body. 
The shipping container preferably includes a transparent 
WindoW through Which the light emitting diodes are visible. 

[0009] In a preferred method in accordance With the 
invention, the medical device is steriliZed, e.g., using steam 
or ethylene oxide (ETO), after being placed in the shipping 
container. 

[0010] A signi?cant feature of the invention alloWs the 
medical device to be functionally tested While in the ship 
ping container. More particularly, exemplary medical 
devices include (1) transceivers Which permit Wireless com 
munication of commands and data betWeen an external 
controller and the device electronic circuitry and (2) battery 
charging circuits Which extract energy from an external 
poWer source, e.g., via an alternating magnetic ?eld, for 
charging a device battery. In accordance With the invention, 
a medical device can be functionally tested While still in the 
shipping container by transmitting a command or activation 
signal to the device. If the device is functioning properly, it 
Will respond in a particular manner, as by outputting a 
sequence of pulses Whose characteristics (e.g., frequency, 
pulse Width, etc.) indicate proper operability. This output 
pulse sequence drives the protection apparatus LEDs Which 
can be monitored to detect Whether the device is operating 
Within speci?cations. Additionally, the device battery can be 
charged While still in the shipping container by an external 
poWer source. 

[0011] In a still further signi?cant aspect of the present 
invention, a cutout is provided in the circuit board to permit 
a Wire loop from an oscilloscope, pulse generator, or the like, 
to pass through and inductively measure/induce the electri 
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cal input/output characteristics of the medical device before 
implantation. A sealing pouch preferably has a conforming 
cutout to facilitate this test While maintaining the medical 
device in a sterilized environment. Alternatively and/or 
additionally, a photodiode may be placed on the circuit 
board to emit nonvisual radiation that may be sensed by an 
external detection apparatus to measure the electrical output 
characteristics of the medical device. Finally, the output 
characteristics of the medical device may be measured using 
external capacitively coupled plates and/or one or more 
coils. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 schematically depicts the structure of an 
exemplary electronic implantable medical device of the type 
intended for use With the present invention. 

[0013] FIG. 2 is a block diagram generally representing 
the electronic circuitry typically employed in the exemplary 
medical device of FIG. 1. 

[0014] FIG. 3 schematically depicts the exemplary medi 
cal device of FIG. 1 used in combination With a protection 
apparatus in accordance With the present invention. 

[0015] FIG. 4 is an exploded isometric illustration depict 
ing a protection apparatus in accordance With the present 
invention. 

[0016] FIG. 5 is an isometric illustration depicting a 
protection apparatus in accordance With the present inven 
tion for accommodating a medical device to be protected. 

[0017] FIG. 6 is an exploded isometric illustration depict 
ing the manner of placing the protection apparatus and 
medical device into an exemplary shipping container. 

[0018] FIG. 7 is an isometric vieW depicting the protec 
tion apparatus and medical device received in the exemplary 
shipping container and oriented so that the light emitting 
diodes (LEDs) of the apparatus are visible through a con 
tainer transparent WindoW. 

[0019] FIG. 8 is a block schematic diagram depicting hoW 
the medical device is tested While in the exemplary shipping 
container. 

[0020] FIGS. 9A and 9B shoW isometric vieWs of the 
mounting of the medical device on a planar surface having 
a pair of connective surfaces for making electrical contact 
With the electrodes of the medical device and a pair of 
O-rings for retaining physical and electrical contact betWeen 
the medical device’s electrodes and the circuit board’s 
connective surfaces. 

[0021] FIGS. 10A and 10B shoW isometric vieWs of the 
mounting of the medical device on a planar surface having 
a pair of connective surfaces for making electrical contact 
With the electrodes of the medical device and a single O-ring 
for retaining physical and electrical contact betWeen the 
medical device’s electrodes and the circuit board’s connec 
tive surfaces. 

[0022] FIG. 11 shoWs an isometric vieW of the circuit 
board and O-ring mounting apparatus of FIGS. 10A and 
10B, additionally including a photodiode for emitting non 
visual radiation that can be externally monitored to test the 
functionality of the medical device, e.g., While it is still 
Within a steriliZed container, e.g., a pouch. 
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[0023] FIG. 12 shoWs a simpli?ed schematic diagram of 
additional embodiments of the present invention that include 
the photodiode of FIG. 11 and/or a current loop path that 
may be used to emit an inductively coupled ?eld to a loop 
connected to an oscilloscope probe or the like. Alternatively, 
a pulse generator of the like may be used to inductively emit 
a signal into the loop on the circuit board and thus verify the 
functionality of the sensor mode circuitry in the medical 
device. 

[0024] FIGS. 13A and 13B shoW the presence of the 
current loop path described in reference to FIG. 12 With a 
cutout for alloWing the oscilloscope probe loop to pass 
through. 

[0025] FIGS. 14A, 14B, and 14C respectively shoW top, 
side and bottom vieWs corresponding to the embodiment of 
FIGS. 13A and 13B sealed Within a sterile pouch having a 
compliant cutout formed thereon. Additionally, the use of an 
optional breakaWay section is shoWn to remove the LED 
portion and thus improve the functionality of the current 
loop path (by removing interactions With the LED path). 

[0026] FIG. 15 is a block schematic diagram depicting 
hoW the medical device is tested While in the shipping 
container includes one or more of the folloWing techniques: 
sensing of nonvisual radiation from the photodiode using a 
photodetector and a transconductance ampli?er, use of an 
inductively coupled current loop path (With an optional 
breakaWay section to electrically detach the LEDs), capaci 
tive sensing of the circuitry, inductive sensing of the cir 
cuitry (Without the current loop path and cutout), and/or one 
or more sWitches, e.g., a single pole double throW (SPDT) 
sWitch, to selectively connect the medical device’s elec 
trodes to the LEDs and/or the inductively coupled current 
loop. 
[0027] FIGS. 16A-16D are alternative embodiments of 
that previously shoWn in FIG. 10A Wherein the connective 
surfaces are formed With slots to reduce eddy currents and 
thereby reduce signal loss to the implantable medical device 
of the magnetic and/or electromagnetic signals While it is 
held by the protection apparatus. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0028] Attention is initially directed to FIG. 1 Which 
schematically depicts an electronic implantable medical 
device 20. The device 20 is intended to be representative of 
a Wide range of knoWn electronic devices designed to be 
medically implanted in a patient’s body for a variety of 
applications. For example only, such devices can be con 
trolled to selectively stimulate muscle and nerve tissue 
and/or monitor and report various body parameters. The 
exemplary device 20 is depicted as comprising an elongate 
housing 22 de?ned by a peripheral Wall 24 enclosing an 
interior volume 26. The housing 22 can be variously shaped 
but, for simplicity herein, it Will be assumed to be cylindri 
cal. Typically such implantable medical devices are small in 
siZe, e.g., preferably having an axial dimension of less than 
60 mm and a lateral dimension of less than 6 mm, and 
relatively fragile structurally. See, for example, US. Pat. 
Nos. 6,164,284; 6,185,452; 6,208,894; 6,315,721; and 
6,472,991; Which primarily relate to such devices that-are 
battery poWered, each of Which is incorporated by reference 
herein in their entirety. Also see, for example, US. Pat. Nos. 
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5,193,539; 5,193,540; 5,312,439; 5,324,316; and 5,405,367, 
Which primarily relate to such devices that are RF powered, 
each of Which is incorporated by reference herein in their 
entirety. Reasonable care must be exercised in handling the 
devices 20 to prevent physical damage. 

[0029] The exemplary device 20 is depicted as containing 
electronic circuitry 30 Within the interior volume 26. The 
circuitry 30 is connected betWeen ?rst and second electrodes 
32, 34 Which extend exteriorly from the housing 22. The 
circuitry 30 typically includes sensitive electronic compo 
nents Which can be permanently damaged by high currents 
Which can be caused, for example, by electrostatic discharge 
(ESD). Accordingly, as With many other electronic devices, 
it is advisable to exercise appropriate care to avoid discharg 
ing high currents through the circuitry 30. The present 
invention is primarily directed to a method and apparatus as 
depicted in FIGS. 3-15, for protecting the device 20, from 
damage While being shipped, stored, and handled betWeen a 
late manufacturing stage and up to the time it is implanted 
in a patient’s body. 

[0030] FIG. 2 is a block diagram Which generally depicts 
the functional components of typical electronic circuitry 30 
employed in an implantable medical device 20. More par 
ticularly, the electronic circuitry 30 is shoWn as comprising 
a poWer supply 38 Which may include a rechargeable battery 
or a capacitor (not shoWn). A charging circuit 40 is con 
nected to the poWer supply 38 for deriving energy from an 
external poWer source to charge the battery. For example 
only, the charging circuit 40 can respond to an alternating, 
e.g., amplitude modulated or frequency modulated, mag 
netic ?eld or RF ?eld to supply a charging current to the 
poWer supply 38. The poWer supply 38 is depicted as 
supplying an operating voltage to a transceiver circuitry 42 
and a pulse generator 44. The transceiver circuitry 42 is 
con?gured to communicate With an external controller (not 
shoWn) employing a suitable form of Wireless communica 
tion via path 43, typically radio communication. Commands 
and data can be supplied via path 43 from the external 
controller to the transceiver circuitry 42 for controlling or 
programming the pulse generator 44. The pulse generator 44 
can in turn provide data to the transceiver circuit 42 via path 
45 for communication to the external controller. 

[0031] It should be understood that FIG. 2 is intended to 
only very generally depict the functionality of the electronic 
circuitry 30 contained in the device 20. The method and 
apparatus of the invention to be described herein, is useful 
in combination With a Wide variety of medical devices 20, 
e.g., muscle stimulators, neural stimulators, physiological 
sensors, pacemakers, etc. 

[0032] Attention is noW directed to FIG. 3 Which depicts 
an electronic protection circuit 60 externally connected 
betWeen the device electrodes 32, 34. The protection circuit 
60 is comprised of ?rst and second shunt paths 62, 64 Which 
each include a unidirectional current device, e.g., a diode. 
Shunt path 62 contains diode 66 oriented from electrode 32 
to electrode 34. Shunt path 64 contains diode 68 Which is 
oppositely oriented, i.e., from electrode 34 to electrode 32. 
The shunt paths 62 and 64 operate to shunt current spikes 
Which can be caused, for example, by electrostatic discharge 
around electronic circuitry 30. Thus, the shunt paths limit 
excessive currents and voltage rise across the medical device 
20. 
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[0033] As Will be discussed hereinafter, the diodes 66, 68 
preferably have an audible or light generator associated 
thereWith to indicate current therethrough. More speci? 
cally, preferred embodiments of the invention are preferably 
implemented With light emitting diodes (LEDs). As Will be 
understood hereinafter, it is preferable for the respective 
LEDs to produce light of different colors so that the direction 
of current ?oW betWeen electrodes 32 and 34 can be readily 
determined by an observer. 

[0034] FIG. 4 depicts a preferred implementation of a 
protection apparatus 70 in accordance With the present 
invention tailored for use With the exemplary cylindrical 
medical device 20. The apparatus 70 is comprised of a 
substrate or circuit board 72 having an upper surface 74 and 
a loWer surface 76. 

[0035] First and second spring contact clips 80, 82 are 
provided for mounting on the circuit board 72. Each clip is 
essentially comprised of a cradle portion 84 including 
spaced ?rst and second resilient arms 86, 88. The arms 86, 
88, together With end ?nger 90, de?ne a cradle for releasably 
retaining an electrode 32, 34 of device 20. The cradle portion 
84 is cantilevered by a shank portion 92 Which extends to 
spaced contact ?ngers 94, 96 and to a post 98. The clips 80, 
82 can be inexpensively formed by a stamping and bending 
operation. 

[0036] The circuit board 72 has shunt path 62 formed on 
upper surface 74 depicted as including path portion 100 and 
path portion 102. Path portion 100 is comprised of a 
longitudinal leg 104 and a lateral leg 106. Similarly, path 
portion 102 is comprised of a longitudinal leg 108 and a 
lateral leg 110. The clips 80 and 82 are respectively mounted 
onto the board 72 With the posts 98 extending into and 
electrically contacting through plated apertures 114 and 116 
in path legs 104 and 108. The through plated apertures 
extend and are electrically connected to a second shunt path 
64 formed on the opposite loWer surface 76 of circuit board 
72. The shunt path 64 on the surface 76 can be shaped 
identically to the shunt path 62 on upper surface 74 depicted 
in FIG. 4. The post 98 of clip 80 extending through the 
aperture 114 electrically interconnects the ?rst ends of shunt 
paths 62 and 64. Similarly, the post 98 of clip 82 extending 
through aperture 116 electrically interconnects the second 
ends of shunt paths 62 and 64. Each shunt path includes a 
diode as depicted in FIG. 4. More particularly, note that 
LED 120 is con?gured to be surface mounted across legs 
106 and 110 of shunt path 62 on board surface 74. Similarly, 
LED 122 is intended for corresponding surface mounting in 
shunt path 64 on board surface 76. Alternatively, LEDs 120, 
122 may be mounted on the same surface of the circuit board 
72. 

[0037] FIG. 5 shoWs the medical device 20 accommo 
dated in the clips 80 and 82 and With the LEDs 120, 122 
being mounted on opposite surfaces 74 and 76 of circuit 
board 72. In accordance With the invention, the device 20 is 
mounted into the clips 80, 82 in a late stage of the manu 
facturing process of device 20. Thereafter, the mated pro 
tection apparatus 70 and medical device 20 are placed in a 
shipping container 140, as depicted in FIG. 6. Shipping 
container 140 can be inexpensively formed of molded 
plastic, and preferably includes a cavity 142 shaped and 
dimensioned to accommodate the mated protection appara 
tus 70 and medical device 20. In placing the mated combi 














