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vided to the base umit through a corresponding cable
assembly. The identification voltage is sensed by an
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fication voltage is provided to the base unit on a charge-
done signal line which otherwise is asserted by the base
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light in an external paddles assembly. The disclosed
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lator/cable assembly interface and require no additional
signal lines for implementing automatic identification.
A plug assembly latch mechanism also is disclosed that
provides the dual functions of locking a plug assembly
in place in the defibrillator base unit and preventing
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DEFIBRILLATOR PATIENT CONNECTION
SYSTEM WITH AUTOMATIC IDENTIFICATION

BACKGROUND OF THE INVENTION

Defibrillator systems provide measured amounts of
electrical energy for shocking a cardiac patient. A de-
fibrillator system also typically includes ECG monitor-
ing apparatus. ECG data acquired by the monitoring
apparatus may be displayed for example on a CRT built
into the defibrillator unit and/or recorded on hard copy
or other data storage means. The ECG front end which
is used to acquire ECG data also may be used for trig-
gering the defibrillator for synchronized cardioversion.
The ECG front end can acquire ECG data from the
patient either through external paddies, which also are
used to administer a shock to the patient, or through a
separate set of leads coupled to ECG electrodes.

Various pads or paddles may be connected, one at a
time, to the defibrillator base unit for conveying electri-
cal energy to the patient. However, it is essential for the
defibrillator base unit to identify what type of pads or
paddles are presently connected to it, as well as to de-
tect when no pads or paddles are connected to the unit.
The selected pads or paddles may be identified by the
user, and the selection input to the base unit by setting
a switch or pressing a button. This method, however, is
subject to user error, and adds complexity to the user
interface or keypanel. Moreover, this step adds to the
setup time in an application where a patient’s life may be
in danger and, therefore, time is of the essence. It would
be preferable to automatically identify the connected
pads or paddles to the defibrillator base unit without
operator input.

One way to automatically identify the selected pad-
dle assembly is a binary encoding scheme in which two
or more signal lines are used as bits to encode an identi-
fying number. Two bits of data thus could be used to
identify one of four types of pads or paddles, and three
bits of data would identify one out of eight. Each pad or
paddle assembly could include an identification circuit
arranged to assert the various signal lines to logic hi or
low levels according to the encoding scheme. A supply
voltage and ground lines thus would also be required.
However, it is desirable to minimize the number of such
signal lines and thus keep the interface between the base
unit and the various paddle assemblies as simple as pos-
sible.

Moreover, it is difficult if not impossible to provide
electronic identification circuits in some types of pad-
dles. For example, internal paddle assemblies (those that
are used inside a patient’s body during surgery) must be
sterilizable. Any electronic circuitry required within
the internal paddles assembly would have to be encap-
sulated in a sterilizable package at considerable cost and
complexity of manufacture. In the case of adhesive
pads, the pads are discarded rather than sterilized and
reused, so their cost also is of particular concern. Ac-
cordingly, electronic circuitry for identifying the pads
must be kept to a minimum or avoided entirely, if possi-
ble.

Accordingly, the need remains for a defibrillator
patient connection system that automatically identifies a
type of pads or paddles connected to a defibrillator base
unit, while maintaining a simple interface between the
base unit and the paddle assemblies, and keeping elec-
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2
tronic circuitry to a minimum in certain types of pad-
dles.

SUMMARY OF THE INVENTION

The present invention is directed to a defibrillator
system, which includes a base unit to provide controlled
amounts of electrical energy for shocking a cardiac
patient, and at least two available types of pads or pad-
dies for administering the electrical energy to the pa-
tient. We refer generally to the various pads and pad-
dles available for this purpose as “administering
means”. The types of available administering means
may include, for example, a pair of external paddle
assemblies, a pair of internal paddle assemblies and a
pair of adhesive pads (or “patient pads™).

A corresponding cable assembly is provided for con-
necting each of the types of administering means to the
base unit for use, and means are included for automati-
cally identifying to the base unit the type of administer-
ing means connected to the base unit, or that no admin-
istering means is connected to the base unit when that is
the case. It is desirable to disable high-energy charging
circuits in the defibrillator when no pads or paddles are
connected to the base unit for safety reasons.

Each of the various pads or paddle assemblies which
may be connected to the base unit is identified in the
base unit by a corresponding analog voltage level. This
has the advantage of minimizing the number of electri-
cal connections necessary for such identification. Cir-
cuitry for providing the corresponding identifying volt-
age level is disposed in the external paddles. In the cases
of internal paddles or patient pads, appropriate provi-
sions are made in the respective cable plug assemblies
for providing a corresponding analog voltage level to
the base unit for identification. Cable assemblies are
mechanically keyed so as to prevent connecting patient
pads to a plug assembly that contains circuitry for iden-
tifying internal paddles, and vice versa.

In all cases, a supply voltage is provided by the base
unit. The supply voltage is carried to the external pad-
dles circuitry via the corresponding cable assembly,
where it is attenuated to form a predetermined identify-
ing voltage level. In other cases, the corresponding
identifying voltage is formed in the cable plug assembly,
so that it need not be carried out to the pads or internal
paddles.

In the preferred embodiment, the external paddles
have an indicator light for indicating that the base unit
has charged to a selected energy level (“charge done™).
The external paddles cable assembly includes a
“charge-done” signal line for carrying a charge-done
signal from the base unit for controllably actuating the
indicator light. A predetermined analog voltage level
for identifying the external paddles is returned to the
base unit via the charge-done signal line. The other
administering means, i.e. the internal paddies and the
patient pads, also are identified by applying the respec-
tive identifying voltage levels to the charge-done signal
line, although in those cases this is done in the plug
assembly. An analog to digital converter is used in the
base unit for sensing the analog voltage level and input-
ting that information to the defibrillator processor or
controller. Charge-done signal circuitry in the defibril-
lator base unit is arranged to provide a predetermined
analog voltage level to the A/D circuit when no pads
or paddles are connected to the base unit, thereby iden-
tifying that situation.
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An object of the present invention is to automatically
identify in a defibrillator base unit each of a plurality of
different types of pads or paddles which may be con-
nected to the base unit without adding signal lines to the
defibrillator interface.

Another object of the invention is to provide for
automatic identification of internal paddle assemblies,
while maintaining their autoclavability.

A further object of the present invention is to use an
existing signal line in the defibrillator interface for auto-
matic identification of a type of paddles connected to
the base unit.

Yet another object of the invention is to employ an
analog voltage level applied to the charge-done signal
line for identifying a pads or paddles assembly con-
nected to the base unit.

The foregoing and other objects, features and advan-
tages of the invention will become more readily appar-
ent from the following detailed description of a pre-
ferred embodiment which proceeds with reference to
the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a perspective view of a defibrillator system
base unit.

FIG. 2 illustrates a pair of external paddles and asso-
ciated cable assembly for connecting the external pad-
dles to the base unit.

FIG. 3 illustrates a pair of internal paddles and associ-
ated cable assembly for connecting the internal paddles
to the base unit.

FIG. 4 illustrates a pair of patient pads and associated
cable assembly for connecting the patient pads to the
base unit.

FIG. 5 is an enlarged, partially cutaway view of a
plug assembly engaged in a plug connector in the base
unit.

FIG. 6 is an electronic schematic diagram of circuitry
for automatically identifying the type of pads or paddles
connected to the defibrillator base unit.

FIG. 7 is a perspective view of a plug assembly en-
gaged in a plug connector in the base unit with the plug
assembly latch unlocked.

FIG. 8 is an enlarged, partially cutaway view of a
portion of the apparatus of FIG. 7.

FIG. 9 is a perspective view of a plug assembly en-
gaged in a plug connector in the base unit with the plug
assembly latch locked.

FIG. 10 is an enlarged, partially cutaway view of a
portion of the apparatus of FIG. 9.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

FIG. 1 is a perspective view of a defibrillator system
of a type in which the present invention may be em-
ployed. The defibrillator system includes a base unit 18
for providing electrical energy to shock a patient. Vari-
ous types of pads or paddle assemblies may be used with
this system. In FIG. 1, external paddle assemblies 40, 42
are illustrated. The paddle assemblies are disposed in
respective recesses 41, 43 which are provided in the
base unit 18 for storing the external paddles when they
are not in use. The paddles are connected to the base
unit by a cable assembly which includes a cable 24 fixed
to a plug assembly 30. The plug assembly 30 is shown
engaged in the base unit as will be further described
below.
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4

Referring now to FIG. 2, the external paddles are
iltustrated in a top plan view, along with the associated
cable assembly 16. Cable assembly 16 includes the plug
assembly 30 and a pair of cables, for example cable 24,
for connecting the paddle assemblies 40, 42 to the plug
assembly. A strain relief interface 26, formed of a sturdy
yet pliable material, is provided where the cable 24
enters the plug assembly. The plug assembly 30 and its
interface with the base unit will be described further
below, following a description of alternative types of
pads and paddle assemblies.

FIG. 3 iltustrates a pair of internal paddles 78, which
may be connected to the base unit by means of an asso-
ciated cable assembly 70. Cable assembly 70 includes a
cable 72 fixed to a plug assembly 76. Plug assembly 76,
like plug assembly 30, is arranged for interfitting en-
gagement with a connector in the base unit. A coupler
74 is provided for removably connecting the internal
paddles to the cable assembly 70.

FIG. 4 illustrates a pair of patient adhesive pads 112.
The patient pads 112 may be connected to the base unit
via an associated cable assembly 100. Cable assembly
100 includes a cable 102 fixed to a corresponding plug
assembly 116. A pads coupler 104 is provided for con-
necting the patient pads to the cable assembly 100. Note
that the patient pads coupler 104 is mechanically keyed
differently (not shown) from the internal paddles cou-
pler 74 shown in FIG. 3. This arrangement prevents
connection of the internal paddles 78 to the patient pads
cable assembly 100, and likewise prevents mechanical
connection of the patient pads 112 to the internal pad-
dles cable assembly 70.

FIG. 5 is an enlarged, partially cut-away view show-
ing the plug assembly 30 engaged in a connector assem-
bly 20. Connector assembly 20 is fixed in position within
the base unit 18 and arranged to receive any of the plug
assemblies 30 (external paddles), 76 (internal paddies),
or 116 (patient pads) in interfitting engagement. Plug
assembly 30 is shown in FIG. 5 for purposes of illustra-
tion. Referring now to FIGS. 2 and 5, plug assembly 30
includes a plug body 32 and a cover 35 coupled to the
plug body. A plurality of pins 56 extend from the plug
body 32 for electrical connection between the cable
assembly and the base unit. Corresponding receptacles
57 are provided in the connector assembly 20 for receiv-
ing the pins 56 in an electrical content.

FIG. 6 is a schematic diagram of electronic circuitry
used for identifying pads or paddles connected to the
base unit. The plug assembly 32 and connector assembly
20 are indicated generally in the center of the drawing,
representing the interface between the base unit and the
connected pads or paddles. Circuitry shown to the left
of connector assembly 20 thus illustrates circuitry dis-
posed within the base unit 18. Circuitry 66, on the right
side of the diagram, is electrically coupled through
cable 24 to the plug assembly 32.

In the defibrillator base unit, a charge-done driver
circuit 82 comprises an NPN transistor 84 which is
controlled by a charge-done signal (CHDONE) cou-
pled to the transistor through a base resistor 86. Transis-
tor 84 has a collector terminal coupled through a collec-
tor resistor 88 to VCC, which may be, for example, 5
volts DC. The emitter terminal is coupled through an
emitter resistor 92 to the charge-done signal line 60. The
charge-done signal line 60 is coupled to the connector
assembly 20 for connection to any of the various plug
assemblies 30, 76 or 116. The charge-done signal line 60
also is coupled through a pull-up resistor 90 to VCC.
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The charge-done signal line aiso is coupled through an
input resistor 94 to an analog-to-digital conversion cir-
cuit 96. The A/D circuit 96 is coupled to or disposed
within a defibrillator controller 80 which asserts the
charge-done signal when a patient circuit (not shown) is
charged to a selected energy level.

Turning now to the right side of FIG. 6, identifica-
tion circuitry 66 is disposed within the external paddle
assembly 40. The external paddle assembly 40 includes
a charge-done indicator light 58 (see also FIG. 2),
which may be provided by a light emitting diode. A
light emitting diode (LED) 58 is disposed between the
charge-done signal line 60 and ground line 61. A resistor
62 is disposed in parallel to the LED 58. And finally, a
zener diode 64 also is disposed in paraliel to LED 58,
i.e., between the charge-done signal line 60 and ground
connection 61. Only selected signal lines at the defibril-
lator/plug assembly interface are illustrated in FIG. 6.
A more complete list of the defibrillator interface con-

nections is shown in the following table 1:
TABLE 1
PLUG CONNECTOR SIGNALS
Signal Definition
nCHARGE Apex paddle 40 charge button 67. Charge is
asserted low.
Charge-done Voltage level indicates the type of paddles
signal 60 connected to the base unit. Also used to light
the apex paddle charge done LED 58.
vCC +5VDC
PCI Patient contact impedance. A voltage which
turns on a specific number of LEDs on the
sternum PCI LED bar (not shown).
LOGIC GND ground
nDISCHARGE A signal asserted when the apex paddle 40
APEX shock button 67 is pressed.
nDISCHARGE A signal asserted when the sternum paddle
STERNUM 42 shock button 68 is pressed.
HI VOLTAGE  Connects the apex paddle (pad) to the output
APEX (—) side of the patient (transfer) circuit and to
the pacer (—) terminal (if a2 pacer is installed).
HI VOLTAGE Connects the sternum paddle (pad) to the
STERNUM output (+) side of the patient (transfer) circuit

and to the pacer (+) terminal if a pacer is
installed.
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providing the sensed voltage value to the defibrillator
controller 80. The defibrillator controller is arranged to
recognize an analog voltage in a range of approximately
0.5 to 3. volts as identifying the external paddles assem-
bly.

In case no pads or paddles are connected to the base
unit, resistor 90 pulls the signal line 60 up to approxi-
mately VCC or 5 volts. The controller 80 is arranged to
recognize a voltage greater than approximately 4 volts
as an indication that no pads or paddles are connected
to the base unit.

In the case of internal paddles 78, these are connected
to the base unit through a plug assembly 76, as noted
above. Plug assembly 76 includes means for connecting
the single line 60 to ground, thereby driving the signal
line 60 to approximately zero volts. Accordingly, the
controller 80 is arranged to recognize a voltage of less
than approximately 0.5 volts as identifying the internal
paddles assembly.

In the case of adhesive patient pads 112, the identify-
ing voltage preferably falls within a range of approxi-
mately 3-4 volts DC. Accordingly, a reference voltage
circuit which provides a voltage within that range,
nominally 3.5 VDC, is disposed in the corresponding
plug assembly 116. The voltage reference may be pro-
vided by a resistor divider, zener diode, etc. The refer-
ence voltage source may be powered by the VCC sup-
ply voltage provided to the plug assembly by the base
unit. Plug assemblies 76 and 116 thus contain circuitry
adequate for identifying the respective pads and paddles
by impressing a corresponding voltage onto the charge-
done signal line. The identification voltage levels are
summarized in the Table 2:

TABLE 2

ANALOG VOLTAGE VALUE vs PADDLES TYPE
ID VOLTAGE PADDLES TYPE

>05V Internal Paddles
=05, <3V External Paddles
=30, <4V External Paddles
Z40V None

In operation, when the patient charging circuit in the
defibrillator reaches a selected energy level, the defib-
rillator controller 80 asserts the charge-done signal
CHDONE to turn transistor 84 ON. Transistor 84
drives the charge-done signal line 60 up toward VCC,
thereby actuating LED 58 so as to turn on the indicator
light, indicating ““charge-done” to a user. This occurs
only when the external paddies are connected to the
base unit, as the other paddles and pads do not have the
LED. Nonetheless, the charge-done signal line may be
asserted in all cases.

‘While the charge-done signal is not being asserted by
the controller 80, transistor 84 is OFF. During such
times, the charge-done signal line 60 essentially is cou-
pled through pull-up resistor 90 to VCC. Referring now
to the identification circuit 66 in FIG. 6, the charge-
done signal line 60 is coupled through resistor 62 to
ground. Resistors 90 and 62 thus form a resistive divider
circuit which provides a voltage calculated as follows.
If resistor 90 has a value of 10 k Q and resistor 62 has a
value of 2160 Q then the divided value equals 0.178
times 5 volts (VCC) or 0.888 volts. Resistor 62 thus
pulls the voltage down to a level which keeps the LED
58 turned off. The voltage at the charge-done signal line
60 is presented through resistor 94 to an analog-to-digi-
tal (A/D) converter 96 for sensing the voltage and
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Additional types of pads or paddles may be identified
in a similar fashion, by assigning a corresponding identi-
fication voltage level (or range) to each such assembly.
Even with modest voltage accuracy, say within one-
half volt, several more levels could be assigned within
the existing 5 volt supply range, by narrowing one or
more of the existing ranges set forth in Table 2. Virtu-
ally any A/D converter has ample resolution for sens-
ing these levels.

Plug assemblies 76 and 116 each include a pair of
discharge switches (not shown) for signalling the defib-
rillator base unit to deliver a shock to the patient
through the connected cable assembly. Both switches
must be actuated at the same time to deliver the shock,
so as to avoid accidental discharge. The discharge
switches are actuated by push buttons 52, 54. Prefera-
bly, the discharge switches are mounted on a small
circuit board (not shown), disposed inside the plug
assembly. Push buttons 52, 54 are exposed through
apertures provided in the plug assembly cover 35 for
that purpose. The identification circuitry described
above conveniently may be disposed in the plug assem-
blies on the same circnit board as the discharge
switches.

Referring now to FIGS. 7-16, the plug assemblies
include a latch 38 which is slidably connected to the
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plug body (for example 34) and extends over at least a
portion of the cover 35. The base unit case 18 includes
a lip 22 that extends partially over the connector assem-
bly 20 as best seen in cross-section in FIG. 8. Latch 38
includes means 44 defining a recess sized for engaging
the lip 22. Latch 38 is slidable between a first or un-
locked position as illustrated in FIGS. 7 and 8. When
the latch is unlocked, the plug assembly 76 may freely
be inserted or removed from the connector assembly 20.
In the locked position, as illustrated in FIGS. 9 and 10,
means 44 engages the lip 22 so as to prevent removal of
the plug assembly from the base unit. Essentially the
same latching arrangement is provided in all three illus-
trated plug assemblies 30, 76, 116.

Plug assemblies 76 and 116, as noted above, include
buttons 52, 54 for actuating discharge switches to shock
the patient. Referring to FIG. 7, it may be observed that
the latch 38, in the unlocked position, partially obscures
buttons 52, 54 so as to prevent their actuation by a user.
This prevents discharge of the defibrillator unless the
plug assembly 76 is securely locked in place in the defib-
rillator base unit 18. Conversely, as illustrated in FIG. 9,
the latch 38, when moved to the lock position, exposes
buttons 52 and 54 for use. The latch 38 thus serves the
dual purposes of maintaining the plug assembly secured
in the base unit and preventing actuation of the dis-
charge switches unless the plug assembly is locked in
place.

Having illustrated and described the principles of my
invention in a preferred embodiment thereof, it should
be readily apparent to those skilled in the art that the
invention can be modified in arrangement and detail
without departing from such principles. I claim all mod-
ifications coming within the spirit and scope of the
accompanying claims.

We claim:

1. A defibrillator system comprising:

a defibrillator base unit for providing electrical en-

ergy to shock a patient;

at least two available types of means for administer-

ing the electrical energy to the patient;

for each type of administering means, a respective

cable assembly for connecting the corresponding
type of administering means to the base unit;

for each type of administering means, a respective

identifying means disposed in the corresponding
type of administering means or in the correspond-
ing cable assembly for providing a corresponding
analog voltage level to the base unit for identifica-
tion when the administering means is connected to
the base unit; and

means for automatically detecting that no administer-

ing means is connected to the base unit.

2. A defibrillator system according to claim 1
wherein the types of administering means include a pair
of external paddle assemblies, a pair of internal paddle
assemblies or a pair of patient pads.

3. A defibrillator system according to claim 1 further
comprising sensing means in the base unit for sensing
the provided analog voltage level and means for deter-
mining therefrom the type of administering means con-
nected to the base unit.

4. A defibrillator system according to claim 3
wherein the base unit further includes power supply
means (VCC) for supplying a predetermined supply
voltage to power the said identifying means.

5. A defibrillator system according to claim 4
wherein:
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8

one of the types of administering means is a pair of

external paddle assemblies;

the corresponding identifying means is disposed

within one of the external paddle assemblies and
includes means for attenuating the supply voltage
so as to form the corresponding analog voltage
level; and

the identifying means in the external paddle assembly

is coupled to the base unit through the cable assem-
bly for providing the corresponding analog voltage
level to the sensing means to identify the pair of
external paddle assemblies as the administering
means connected to the base unit.

6. A defibrillator system according to claim 4
wherein:

an indicator light is disposed in at least one of the

available types of administering means for indicat-
ing that the base unit has charged to a selected
energy level;

the cable assembly includes a charge-done signal line

for carrying a charge-done signal (CHDONE)
from the base unit for controllably actuating the
indicator light when an administering means that
has the indicator light is connected to the base unit;
and

the identifying means are coupled to the sensing

means via the charge-done signal line regardless of
whether the selected type of administering means
includes an indicator light.

7. A defibrillator system according to claim 6
wherein the sensing means includes an analog-to-digital
converter. )

- 8. A defibrillator system according to claim 6
wherein:

one of the available types of administering means is a

pair of external paddle assemblies having the indi-
cator light disposed in at least one of the paddle
assemblies;

the indicator light in the paddle assembly comprises a

light-emitting diode;

the base unit includes a charge-done circuit for assert-

ing the charge-done signal so as to actuate the
light-emitting diode;

the charge-done circuit includes pull-up means cou-

pled to charge-done signal line; and

the identifying means in the paddle assembly includes

means coupled to the charge-done signal line for
cooperating with the pull-up means so as to drive
the charge-done signal line to approximate a first
predetermined voltage level.

9. A defibrillator system according to claim 6
wherein:

one of the available types of administering means is a

pair of internal paddles;

the corresponding identifying means is disposed in

the corresponding plug assembly and includes
means for coupling the charge-done signal line to
ground, thereby providing ground second voltage
to the sensing means as the corresponding analog
voltage level to identify the internal paddles as the
administering means.

10. A defibrillator system according to claim 6
wherein:

one of the available types of administering means is a

pair of patient pads;

the identifying means is disposed in the correspond-

ing plug assembly; and
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the identifying means includes a reference voltage
source arranged to provide a predetermined sec-
ond voltage analog voltage level to the charge-
done signal line to identify the pair of patient pads
as the administering means.
11. A defibrillator system according to claim 6
wherein:
the base unit includes a circuit for controllably assert-
ing the charge-done signal to actuate the indicator
light by driving the charge-done signal line toward
a predetermined supply voltage (VCC); and

the sensing means is arranged to detect a voltage
approximately equal to the supply voltage on the
charge-done signal line as an indication that no
administering means is then connected to the base
unit.

12. A method of automatically identifying a type of
pads or paddles connected to a defibrillator base unit,
comprising:

making available at least two different types of pads

or paddles for administering electrical energy from
the base unit to a patient;

providing a cable assembly for connecting a selected

one of the available types of pads or paddles to the
base unit;
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10
providing a signal line in the cable assembly;
for each of the available types of pads or paddles,
applying a corresponding analog voltage level to
the signal line; and
in the base unit, sensing the applied voltage level for
identifying the pads or paddles then connected to
the base unit.

13. A method according to claim 12 wherein said
applying step includes applying a selected one of at least
two different analog voltage levels, whereby at least
two of the available types of pads or paddles can be
identified in the base unit.

14. A method according to claim 12 wherein said
applying step includes grounding the signal line so that
a selected one of the available types of pads or paddles
is identified by a voltage level approximately equal to
Zero.

15. A method according to claim 12 wherein:

the available types of pads or paddles include an

external paddle assembly having a charge-done
light; and

the signal line comprises a charge-done signal line

also used for controllably actuating the charge-
done light when the said external paddle assembly

is connected to the base unit.
* * * * *



