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(57) ABSTRACT

A connector block that permits simultaneous and continuous
interconnection of the three leads of the epicardial pacing
wires, the pacemaker, and the ECG monitor on clear sepa-
rately labeled connectors is provided. Circuitry is provided
that allows the display of epicardial signals on the telemetry
unit, while still preserving the ability to pace the heart from
the pacemaker. When pacing the connector block prevents
excessive loading of the pacer signals by the ECG monitor
and/or damage to the monitor by the high-voltage pacer
signals. The connector block may be used universally on all
monitors without the need for sophisticated understanding of
the electrical characteristics of the ECG monitor or concern
for damage or improper signal loading.
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1
ADAPTOR TO ALLOW ELECTROGRAM
VISUALIZATION AND PACING FROM
TEMPORARY EPICARDIAL WIRES

CROSS REFERENCE TO RELATED
APPLICATIONS

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

BACKGROUND OF THE INVENTION

The present invention relates to electrocardiographic
(ECG) monitoring systems and, more specifically, to ECG
monitoring systems that allow simultaneous pacing during
electrogram visualization using epicardial pacing leads.

Telemetry monitoring allows medical professionals to
monitor electrical activity of the heart in real time and for
extended periods of time. Telemetry monitoring is often
utilized after cardiac surgery, when patients are most at risk
for arrhythmias. Abnormally slow or fast heart rhythms can
cause increased morbidity and mortality in the patient. Atrial
fibrillation is a common arrhythmia encountered postopera-
tively, although ventricular arrhythmias and conduction dis-
turbances can also occur.

Atrial arrhythmias can be difficult for medical profession-
als to differentiate when monitoring surface ECG leads.

Due to this risk of postoperative arthythmias, many
patients have temporary epicardial pacing wires placed on
the outside of their heart epicardium (outer layer of heart
muscle) to permit pacing of the heart (via an artificial
temporary pacemaker). The proximal ends of the epicardial
pacing wires are normally wrapped and taped to the outer
chest wall until needed for arrhythmia treatment.

Normally, cardiac rhythms are obtained from surface
ECG electrodes placed on the patient’s chest and viewed on
bedside monitors. However, since atrial signals are not
easily visualized using surface ECG electrodes, if the medi-
cal professional detects an irregularity, an ECG technician
may be called to connect the epicardial pacing wires to an
ECG monitor so that a medical professional can interpret the
ECG signals with more accuracy (since the proximity of the
recording wires to the atrial impulses greatly enhances atrial
waveforms). If an arrhythmia is detected and the medical
professional wishes to pace the heart, the epicardial pacing
wires are detached from the ECG monitor and reconnected
to a temporary pacemaker for pacing.

The process of connecting the epicardial pacing wires is
time-consuming, and may need to be repeated for successive
rounds of visualization and pacing. This also carries with it
a risk of misconnection of three sets of wires from the ECG
monitor, the pacemaker, and the epicardial connections.

SUMMARY OF THE INVENTION

The present invention provides a connector block that
permits simultaneous and continuous interconnection of the
three sets of wires of the epicardial pacing wires, the
pacemaker, and the ECG monitor on clear, separately
labeled connectors. As such, the connector block provides an
intuitive and rapid interconnection system easily used in a
hospital environment reducing procedure times and the
chance of misconnection. By including circuitry to prevent
excessive loading of the high-voltage pacer signals by the
ECG monitor, the connector block may be used universally
on all monitors without the need for sophisticated under-
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2

standing of the electrical characteristics of the ECG monitor
or concern for damage or improper signal loading.

Specifically, in one embodiment, the invention provides a
connector box for connecting epicardial pacing leads of a
patient to: (a) a pace generator which can analyze the rhythm
and potentially deliver a pacing signal through the epicardial
pacing leads to the heart of the patient and (b) a telemetry
monitor receiving cardiac signals through the epicardial
pacing leads from the heart of the patient, simultaneously to
allow epicardial signals to be displayed on the monitor. The
connector box includes first terminals for transmitting elec-
trical cardiac signals to and from the epicardial pacing leads
connected to the heart of the patient; second terminals for
transmitting the epicardial signal to the pace generator and
transmitting an electrical impulse to and from the pace
generator; third terminals outputting a conditioned electrical
signal to the telemetry monitor, and electrical circuitry
connected with the first, second, and third terminals, which
presents current division so the pacing current is propagated
almost completely to the heart while the circuitry is receiv-
ing and conditioning the voltage potentials induced by the
heart signal and the pacing signal with a clipper that limits
the voltage sent to the monitor at at least one predetermined
voltage level.

It is thus a feature of at least one embodiment of the
invention to allow for simultaneous and continuous inter-
connection of epicardial pacing wires for pacing and diag-
nosis thus avoiding the cumbersome process of alternating
the epicardial wires between pacemaker and telemetry.

The first, second, and third terminal may be labeled with
an indicia identifying the epicardial leads, pacer generator,
and telemetry monitor.

It is thus a feature of at least one embodiment of the
invention to allow for intuitive and rapid connection of the
appropriate connector to each terminal in the challenging
environment of medical care.

In one embodiment, the connector box has a weight and
a size adapted to be supported on the body of the patient.

It is thus a feature of at least one embodiment of the
invention to reduce the risk of the wires from becoming
dislodged from the epicardium due to pulling and maneu-
vering of the epicardial pacing wires. It is a further object of
at least one embodiment of the invention to eliminate the
need for extension leads on the epicardial wires.

Skin electrodes may be positioned on the body of the
patient and received by the telemetry monitor to display both
cardiac signals from the epicardial pacing leads and body
electrodes.

It is thus a feature of at least one embodiment of the
invention to permit simultaneous real-time monitoring of
ventricular or atrial cardiac signals for improved rhythm
discrimination and immediate analysis and feedback after
pacing.

The first, second and third terminals may be mechanically
releasable electrical connectors. The third terminals may
have connectors matching those of skin electrodes posi-
tioned on the body. The connectors of the third terminals
may be snaps providing attachment of the connector box to
the telemetry monitor. It is thus a feature of at least one
embodiment of the invention to use similar connectors (such
as alligator clips or snaps) as used to connect surface
electrodes to the telemetry monitor for increased adaptabil-
ity.

The clipper may be an active clipping circuit using an
operational amplifier. The active clipping circuit may pro-
vide a first gain multiplying circuit and a second dividing
circuit and operates to clip by boosting the signal at the first
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gain multiplying circuit beyond the output voltage range of
the first gain multiplying circuit. The clipping circuit may
provide a first and second clipping voltage level and clips the
current limited combination signal if it exceeds the first
clipping voltage level or is less than the second voltage
clipping level.

It is thus a feature of at least one embodiment of the
invention to maintain the scale necessary to monitor the
ECG signals from becoming skewed by the pacing spikes
and to protect the monitor from high voltage damage.

A passive clipping circuit may provide back-to-back
diodes shunting the current limited combination signal. A
low pass filter may filter high-frequency signals from the
current limited combined signal.

It is thus a feature of at least one embodiment of the
invention to condition the voltage potentials induced by the
combined heart signal and pacing signal to limit the current
entering the clipping circuit while preserving the battery life.

The present invention also facilitates a telemetry moni-
toring system to read the signals from the connecting
epicardial leads of a patient, while also connecting to a pace
generator adapted to allow a pacing signal through the
epicardial pacing leads to a heart of the patient if needed.
The system includes a telemetry monitor receiving cardiac
signals through the epicardial pacing leads from the heart of
the patient simultaneous with delivery of the pacing signal;
and a connector box having first terminals for transmitting
electrical cardiac signals to and from the epicardial pacing
leads connected to the heart of the patient; second terminals
for transmitting the electrical cardiac signals to the pace
generator and transmitting an electrical impulse to and from
the pace generator; third terminals outputting a conditioned
electrical signal to the telemetry monitor; and electrical
circuitry communicating with the first, second, and third
terminals and providing a current limiter steering the elec-
trical impulse predominantly to the heart of the patient and
not to the electrical circuitry and receiving voltage signals
induced by the heart; and a clipper limiting the voltage
signals sent to the telemetry monitor at at least one prede-
termined voltage level.

The telemetry monitor has two connectors to the device,
currently labeled as (LA) position input and a right arm (RA)
position input, though other electrode position inputs could
be utilized depending on the monitor. These connectors
attach to the appropriate telemetry leads to transfer the
conditioned electrical signal into the LA and RA telemetry
inputs, or other electrode position inputs as necessary.

It is thus a feature of at least one embodiment of the
invention to adopt the connector box for use with any
telemetry monitor system to display an atrial electrogram
(AEG) using atrial epicardial connections on the telemetry.

The epicardial pacing leads are connected to the atrium or
ventricle of the patient.

It is thus a feature of at least one embodiment of the
invention to provide improved atrial signals for differenti-
ating atrial and junctional arrhythmias when P waves are not
clearly visible from the surface electrode ECG.

The present invention also provides a method of deliver-
ing cardiac signals to a telemetry monitor and delivering
pacing signals to a patient simultaneously utilizing a con-
nector box with a first terminal for transmitting electrical
signals to and from epicardial pacing leads connected to an
epicardium of the heart; a second terminal for transmitting
the electrical cardiac signals to the pace generator and
transmitting an electrical impulse to and from a pace gen-
erator, a third terminal outputting a conditioned electrical
signal to the telemetry monitor, and electrical circuitry

20

25

40

45

60

65

4

communicating with the first, second, and third terminal and
providing a current limiter steering the electrical impulse
predominantly to the heart of the patient and not to the
electrical circuitry and receiving voltage signals induced by
the heart; and a clipper limiting the voltage sent to the
telemetry monitor at at least one predetermined voltage
level, the method including the steps of: connecting epicat-
dial pacing leads to the first terminal; connecting a pace-
maker connector to the second terminal; and connecting the
telemetry monitor to the third terminal.

These particular objects and advantages may apply to
only some embodiments falling within the claims and thus
do not define the scope of the invention.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a perspective view of an adaptor of the present
invention positioned between epicardial pacing wires
sutured to the patient and medical devices requiring access
to those epicardial pacing wires;

FIG. 2 is a simplified block diagram of one embodiment
of the present invention showing the adaptor communicating
between the epicardial pacing wires, a pacemaker and a
S-electrode telemetry monitor;

FIG. 3 is a perspective view of a right side of the adaptor
showing a labeled terminal for connecting a pacemaker and
a labeled terminal for connecting a right arm (RA) lead to a
telemetry monitor cable:

FIG. 3A is a perspective view of an alternative connector
of the terminal connecting the RA lead;

FIG. 4 is a perspective view of a left side of the adaptor
showing labeled terminals for connecting epicardial leads
and a labeled screw terminal for connecting a left arm (LA)
lead of the telemetry monitor cable; and

FIG. 5 is a schematic of the conditioning circuitry of the
adaptor used to allow pacing output and to eliminate pacing
artifact.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring now to FIG. 1, the connector block 10 of the
present invention may provide a hub between a patient 12
and multiple medical devices including a pulse generator 32
delivering pacing signals to the patient 12 and a telemetry
monitoring system 24 for visualizing cardiac signals 44, 46
of a heart 14 of the patient 12.

The patient 12 may be supported on a patient bed or table
50 in a hospital environment, for example, in a surgical room
following cardiac surgical procedure. The connector block
10 may be conveniently positioned near the patient 12, such
as mounted to the patient bed or table 50 to provide a stable
connection point in close proximity to the patient 12. Alter-
natively, and preferably, the connector block 10 may have a
size and weight, which allows it to be taped or otherwise
adhered to the patient’s chest or body to avoid dislodgement
or accidental removal of the patient connections. For
example, the connector block 10 may have an adhesive
backing, which it stuck directly onto the patient’s chest or
body.

Referring now also to FIG. 2, a first connection is made
to the patient 12 by placing epicardial pacing wires 20a, 205
directly on an epicardium of the heart 14 of the patient 12.
The epicardial pacing wires 20a, 205 are typically installed
during surgery, with small electrode needle tips on one end
sutured into the atrial epicardium of the heart 14 and larger
needles on the other end penetrating the body wall and
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exiting the skin at puncture wound 48 in the chest, bringing
the epicardial pacing wires 20a, 205 to the surface of the
skin. For example, in a bipolar circuit a positive electrode
and negative electrode may be placed in each chamber of the
heart 14, typically the right atrium and/or right ventricle. The
positive electrode and negative electrode may be found on
two separate wires or on a single wire with the electrodes
typically placed about 8 mm apart (for example, Medtronic
Bipolar Coaxial 6495).

In the exemplary embodiment, the positive and negative
electrodes are epicardial pacing wires 20a and 205, respec-
tively, placed at the right atrium of the heart 14 to serve the
dual purpose of atrial pacing and atrial visualization as
described below. The epicardial pacing wires 20 then extend
from the patient 12 and connect to the external connector
block 10 to allow for these dual functions to operate simul-
taneously.

During pacing, the epicardial pacing wires 20a, 205 are
used to deliver a small electrical current from the negative
electrode to the positive electrode to activate myocardial
cells of the heart 14. A pulse generator 32 may be connected
to the connector block 10 to thereby deliver this electrical
current to the epicardial pacing wires 20a, 205. For example,
the pulse generator 32 may deliver a ventricular pacing
impulse to the ventricle of the heart or deliver an atrial
pacing impulse to the right atrium of the heart. The source
of the pacing energy is typically a rechargeable or replace-
able battery in the pulse generator 32. In the exemplary
embodiment, the pulse generator 32 delivers an atrial pacing
impulse to the connector box 10 which in turn is delivered
to the epicardial pacing wires 20a, 205 connected to the right
atrium of the heart 14. Atrial signals from the heart 14 may
return through the epicardial pacing wires 20a, 205 and be
delivered to the pulse generator 32 which then applies
processing algorithms to the atrial signals to determine a
proper pacing prescription. The pulse generator 32 may be,
for example, Medtronic 5392, 5391, 5348, 5388 Dual Cham-
ber Temporary Pacemakers.

During visualization, the epicardial pacing wires 20a, 206
are able to transmit changes in electric potential between the
positive and negative electrodes during cardiac rhythm. In
the exemplary embodiment, the connector block 10 receives
these electrical heart signals and conditions these signals,
which is in turn delivered to the telemetry monitoring
system 24 for atrial visualization as further described below.

A second connection is made to the patient 12 by placing
multiple surface ECG electrodes 26 on a body of the patient
12. The surface ECG electrodes 26 are used to detect the
electrical changes on the skin that arise from the heart’s
depolarization during cardiac rhythm. For example, the
surface ECG electrodes 26 are placed at known body
positions for a 3-electrode system (3-lead ECG), 5-electrode
system (5-lead ECG) and 10-electrode system (12-lead
ECG).

Referring still to FIG. 2, in the illustrated embodiment,
three ECG electrodes 26 are attached to the patient 12. The
surface ECG electrodes 26 may provide conductive gel pads
that are adhered to the body of the patient 12 with outwardly
protruding buttons 64 that “snap on” to fasteners 30 of three
ECG cables 28, respectively, which can deliver the surface
ECG signals directly to the telemetry monitoring system 24.

The telemetry monitoring system 24 may allow for real
time visualization of the cardiac signals from the patient 12
by displaying the signals on a monitor 38 for analysis by the
medical professional. The signals from the multiple surface
ECG electrodes 26 are delivered through the multiple ECG
cables 28 directly to the telemetry monitoring system 24,
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which receives the ECG cardiac signals and displays them
on the monitor 38. In contrast, the leads from the epicardial
pacing wires 20a, 205 may connect through the connector
block 10 which may then deliver the conditioned epicardial
signals to the telemetry monitoring system 24. In this
manner the telemetry monitoring system 24 may allow both
the surface ECG electrode waveforms 46 and epicardial
waveforms 44 to be viewed simultaneously on the monitor
38. It is understood that other patient parameters may be
displayed on the monitor 38 or be monitored by the telem-
etry monitoring system 24, such as peripheral pulse oxim-
etry, blood pressure, respiratory rate, body temperature, etc.

Referring now to FIGS. 3 and 4, the multi-device con-
nector block 10 may provide a housing 52, for example,
having outer walls defining a rectangular inner volume 68
sealed from contamination. The housing 52 includes a
bottom wall 78 joined on its right and left edges by upwardly
extending right 70 and left 72 sidewalls, respectively, and
joined on its top and bottom edges by upwardly extending
top 74 and bottom 76 sidewalls, respectively. A top cover 66
is attachable over the inner volume 68 and may be perma-
nently sealed, such as glued shut, to enclose the volume 68
or may be removable to allow access to the volume 68
containing the conditioning circuitry 54 therein. The top
cover 66 may include a label 90, such as an ECG signal
graphic or text label clearly denoting the function of the
connector block 10 as an epicardial/pacer/monitor intercon-
nection box. Different iterations of the device will allow
variable designs of the block 10, such as a low profile device
which can attach to the chest.

Referring now to FIGS. 2 and 4, the left sidewall 72 may
include a pair of small openings 82 providing access to
epicardial terminals 22 therein for connection of the epicar-
dial pacing wires 20a, 20b. The epicardial terminals 22 may
be a spring-loaded terminal allowing the wires to be engaged
and disengaged by sliding into and out of the epicardial
terminals 22. The epicardial terminals 22 are stabilized
within the housing 52 for connection of the epicardial pacing
wires 20a, 205 to the connector block 10. The epicardial
terminals 22 are adapted to receive and grip the epicardial
pacing wires 20a, 205 extending into the openings 82 and
connect the wires to the conditioning circuitry 54 within the
housing 52. It is understood that the epicardial terminals 22
may be any suitable wire connector such as terminal blocks,
posts, crimp on connectors, insulation displacement connec-
tor, etc. connecting the epicardial pacing wires 20a, 205 to
the internal conditioning circuitry 54.

The openings 82 for the epicardial pacing wires 20a, 200
may be labeled on the left sidewall 72 of the housing 52 with
alabel 86 to clearly indicate connection of epicardial pacing
wires 20 to the epicardial terminals 22. The label 86 may use
the term “EPI” or “EPICARDIAL” or another clearly rec-
ognizable term or abbreviation, representing connection of
epicardial pacing wires 20a, 205. Generally the label 86 may
be any of a sticker, a decal, a label printed directly on the
housing 52 or molded into the housing 52.

Referring now to FIGS. 2 and 3, the right sidewall 70 may
include a small opening 80 allowing attachment there-
through of a pacemaker cable 34 (connecting the pulse
generator 32) to pace terminals 36 of the connector block 10.
The pace terminals 36 are stabilized within the housing 52
for connection of the pacemaker cable 34 to the connector
block 10. The pacemaker cable 34 may be an industry
standard connector, for example, Medtronic 5433 (Atrial)
Cable, connecting the pulse generator 32 on one end to
epicardial pacing wires 20 or electrodes on the other end. In
the exemplary embodiment, the pacemaker cable 34 pro-
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vides both positive wire 39¢ and negative wire 395 therein.
The pace terminals 36 receive the wires 39a, 396 of the
pacemaker cable 34 and separately conducts positive 39a
and negative 395 wires to electrically couple the wires 39a,
395 to the internal conditioning circuitry 54 of the connector
block 10 for delivery of the current pulse to the epicardial
pacing wires 20a, 205 for pacing.

Generally, during bipolar pacing, a small electrical current
is delivered by the pulse generator 32 to the negative pacing
wire 395, which travels through the connector block 10 to
the negative epicardial pacing wire 205, which delivers the
current pulse to the heart 14. The returning current travels
through the positive epicardial pacing wire 20a through the
connector block 10 to the positive pacing wire 394, which
finally returns to the pulse generator 32 to complete the
circuit. The pacemaker cable 34 may also receive atrial
signals from the heart 14 (via epicardial pacing wires 20a,
205 placed on the heart 14 and delivering the atrial signals
to the connector box 10), and deliver the atrial signals to the
pulse generator 32 for analysis to determine a proper pacing
prescription.

The opening 80 for the pacemaker cable 34 may be
labeled on the right sidewall 70 of the housing 52 with a
label 81 to clearly indicate connection of the pacemaker
cable 34. The label 81 may use the term “PACE” or another
clearly recognizable term representing connection of the
pacemaker cable 34/pulse generator 32 and may be fabri-
cated as discussed above.

Referring now to FIGS. 2, 3 and 4, in one embodiment,
the sidewalls 70, 72 of the housing 52 also include electri-
cally conductive bolts or screws 60a, 605, respectively,
threaded into the sidewalls 70, 72 with a tip 63 of the screws
60a, 605 extending into the housing 52 and a shank 65 and
head 67 of the screw 60a, 605 extending outwardly from the
housing sidewalls 72, 70. The screws 60a, 605 are electri-
cally coupled to the internal conditioning circuitry 54, for
example by soldering conductive wire between the internal
conditioning circuitry 54 and the tips 63 of the screws 60a,
605.

Electrical conductors 58a, 585 may be used to connect the
screws 60a, 604 to a multichannel ECG monitor cable 40 of
the telemetry monitoring system 24 allowing the condi-
tioned epicardial signals to be viewed on the monitor 38. The
electrical conductors 58a, 58b connecting the screws 60a,
605 to the multichannel monitor cable 40 may include
conductive clips 56a, 565, such as alligator clips, on theirs
first ends allowing the electrical conductors 58a, 585 to clip
onto the screws 60a, 605. The second opposite ends of the
electrical conductors 58a, 58b are connected to the multi-
channel monitor cable 40.

In an alternative embodiment, as seen in FIG. 3a, the
screws 60a, 605 may be replaced with snaps 61, similar to
buttons 64 found on surface electrodes 26, extending
between an interior of the housing 52 and exterior of the
housing 52 to conduct the conditioned epicardial signal
through the snaps 61. The snaps 61 are attachable to the
fasteners 30 of normal ECG cables 28 (see FIG. 2) allowing
the standard ECG cables 28 to be used instead of the
electrical conductors 58a, 5864.

Referring now to FIG. 2, in the exemplary embodiment,
the telemetry monitoring system 24 is a multichannel system
that accepts a 5-electrode input with electrode positions at
the IRA, RL, LA, LL and chest positions. In this respect, the
ECG monitor cable 40 of the telemetry monitoring system
24 includes a plurality of terminals 18 for receiving each of
the 5-electrode inputs, i.e., RA, RL, LA, LL and chest.
Typically, the respective surface ECG electrodes 26 are
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connected to each of the 5-electrode inputs. However, the
variable surface electrode positions, such as the RA or LA,
may be omitted and replaced by the electrical conductors
58a, 58b, respectively. In this iteration, the electrical con-
ductor 58a delivers a signal output from the screw 60a to the
RA surface electrode position and the electrical conductor
585 is attached to screw 605, which is connected to ground,
and connected at the LA surface electrode position. Thus,
RA and LA terminals 18 of the ECG monitor cable 40
receive connections from the epicardial pacing wires 20q,
205 (via connector block 10) and the RL, LL and chest
terminals 18 are connected directly to the respective surface
ECG electrodes 26. It is understood that other surface
electrode inputs could be utilized depending on the telem-
etry unit. For example, instead of RA or LA inputs, the chest
terminal input may be used instead.

The right screw 60a extending outwardly from the right
sidewall 70 may be labeled with a label 84 to clearly indicate
that it may replace the RA connection of the multichannel
monitor cable 40, such as with the letters “RA”, and the left
screw 604 extending outwardly from the left sidewall 72
may be labeled with a decal 88 to clearly indicate that it may
replace the LA connection of the multichannel monitor cable
40, such as with the letters “LA”.

It is understood that the telemetry monitoring system 24
may also accept 3-electrode and 12-electrode systems and
similarly replace the RA and LA electrode positions with the
epicardial pacing wires 20 (via connector block 10) and still
simultaneously display the surface ECG electrodes 26 heart
signals. For example, in a 3-electrode system the electrical
conductors 58a, 585 representing epicardial pacing wires
20a, 205 are attached to the RA and LA electrode positions,
respectively, and a surface ECG electrode 26 is connected to
a LL electrode position on the patient 12.

Referring now to FIG. 5, when atrial pacing and atrial
visualization are performed simultaneously, pacing artifact
can be seen on the monitor 38 as high magnitude pacing
stimuli or spikes. In order to maintain the scale necessary to
view the smaller atrial epicardial signals (in the lower mV
range) compared to the much large pacing artifact (10-20 V
range) the internal conditioning circuitry 54 of the connector
block 10 processes the incoming epicardial signals before
delivering them to the telemetry monitoring system 24. By
reducing the pacing artifact, the monitor 38 is also protected
from distortion, noise, and damage. The internal condition-
ing circuitry 54 attempts to preserve the incoming atrial
epicardial signals as close to their original signal levels as
possible.

As mentioned above, the positive 39a and negative 395
wires of the pacemaker cable 34 from the pulse generator 32
may be received at terminal 36 exposed through the housing
52 and connect respectively to junction points 104a and
1045 on the circuitry 54 held within the housing 52. The
same junction points 104a¢ and 1045 may also connect to
epicardial terminals 22 exposed through the housing 52 and
communicating with the epicardial pacing wires 20a and
205.

Junction points 104g and 1045 may connect to passive
current limiting circuitry 92. For example, junction 104a
connects to a first terminal of resistor 1064 and junction
1045 connects to a first terminal of resistor 1065. The
resistors 106a, 1065 are sized for example to be 10 kilo-
ohms or larger to prevent undue loading on the pacer signals
by the circuitry 54 thus providing input current limiting
circuitry 92.

Following the current limiting circuitry 92, the signal is
received by a first passive clipping circuit 94 that provides
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voltage protection of the internal conditioning circuitry 54
against high voltages of the pacing signal. Specifically, the
remaining lead of resistor 106a provides a common juncture
point with a cathode of diode 1084, an anode of diode 1085,
one terminal of filter capacitor 110a, and a negative (invert-
ing) input of operational amplifier 112. The remaining
terminal of capacitor 110a connects to ground. Similarly the
remaining lead of resistor 1065 connects to an anode of
diode 108a, a cathode of diode 1085, one terminal of filter
capacitor 1105, and the positive (noninverting) input of
operational amplifier 112. The remaining terminal of capaci-
tor 1105 connects to ground. The diodes 1084 and 1085, thus
connected back-to-back, provides a first passive clipping
circuit 94 limiting the voltage to approximately the 0.7 volt
conduction threshold of the diodes 108.

Following the first protective clipping circuit 94, a low
pass filter 96 reduces the high voltage spikes of the pacer
signal that occur before conduction of the diodes 108 before
being passed onto the active clipping stage. For example,
capacitors 110a, 1105 together with the resistance of resis-
tors 106a, 1065 provide a low pass filter 96 having a
frequency cut off of approximately 50 kilohertz.

Following the low pass filter 96, an active clipping circuit
provides a gain block 98 that “clips” the high voltage spikes
by boosting the gain of the incoming signal. Since the
system supply reference voltage limits the overall signal
amplitude to slightly below the supply reference voltage
(e.g. approximately plus and minus 1.5 volts), the high
voltage pacing artifact is cut off or “clipped” above the
supply reference voltage. For example, the operational
amplifier 112 has its noninverting input connected through
resistor 111 to ground. The inverting input also connects to
the output of the operational amplifier 112 through parallel
connected resistor 114 and capacitor 116. These components
are connected to provide a voltage stable gain of approxi-
mately 100 by the operational amplifier 112 providing gain
block 98.

The amplifiers remain “saturated” so the top of the signal
flattens out and remains flattened until the signal amplitude
is decreased to below the supply reference voltage. The
added gain provided by the operational amplifier 112 for the
purpose of clipping is then removed for the purpose of
restoring the signals to their proper level by using a division
block 100 to divide the signal by a factor of 100 and bring
it back down to its original value. For example, operational
amplifier 112 is followed by a divider circuit comprised of
series connected resistors 118 and 120 leading to ground.
The junction of these resistors provides a divided voltage of
approximately 100. These resistors 118 and 120 provide
division block 100.

As noted, the effect of the successive application of gain
block 98 and divider block 100 is to return the voltage
received at the gain block back to the same voltage output
from the divider block 100. The purpose of the successive
operations is to boost the signal received by operational
amplifier 112 beyond a compliance voltage range of that
amplifier causing the amplifiers’ fundamental limitations
resulting from the voltage limits of its power rail to effec-
tively clip the pacemaker signal at a desired voltage. For this
purpose operational amplifier may be TLV 272 operational
amplifier commercially available from Texas Instruments
and having rapid recovery from clipping. Together gain
block 98 and divider block 100 provide an active clipping
circuit of high precision operating at a low voltage (the
diodes below the level of 108 suitable for use with the
present invention. The clipping provided by these blocks
prevents the signal from the pacemaker from overwhelming
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the monitor 38 such as may provide a distorted signal, signal
noise, or even monitor damage.

Following the voltage divider 100, an isolation amplifier
102 buffers the load provided by the monitor 38 for example
preventing undue current from being diverted from the
voltage divider 100. Specifically, a voltage at the junction of
resistors 118 and 120 may be received by the noninverting
input of operational amplifier 122 configured with its invert-
ing input connected to its output to provide a unity gain
buffer amplifier. The output of amplifier 122 provides leads
41a accessible through screw 60a to the monitor 38 with
lead 415 accessible through screw 605 being reference to
ground also provided to monitor 38.

The operational amplifiers 112 and 122 may be provided
with electrical power from a contained battery or an appro-
priately isolated power supply as is generally understood in
the art. The voltage provided to the operational amplifier 112
will desirably be regulated so as to provide an accurate
clipping level for the circuit.

In operation, the connector box 10 is installed on or near
the patient 12. The epicardial pacing wires 20a, 205 emerg-
ing from the puncture wound 48 in the chest of the patient
12 are inserted into the openings 82 of the left sidewall 72
of housing 52, labeled “EPI”, providing access to the
epicardial terminals 22. The wires 20a, 205 are attached to
the epicardial terminals 22 coupling the wires 20a, 205 to
the connector box 10. Then, the pacemaker cable 34 attached
to the pulse generator 32 on one end is inserted into the
opening 80 of the right sidewall 70 of the housing 52,
labeled “PACE”, providing access to the pace terminals 36.
The pacemaker cable 34 is attached to the pace terminals 36
coupling the pacemaker cable 34 to the connector box 10.
Finally, electrical conductors 58a, 585 are clipped or
snapped onto screws 60a, 605 of the left 72 and right 70
sidewalls of the housing 52, labeled “RA” and “LA”. The
other end of the electrical conductors 58a, 58b are inserted
into the RA and LA terminals 18, respectively, of the
multichannel monitor cable 40 coupling the connector box
10 to the telemetry monitoring system 24. The medical
professional may also install surface ECG electrodes 26 on
the patient 12 at known ECG electrode positions on the
body. ECG cables 28 may then be clipped or snapped onto
the buttons 64 of the surface ECG electrodes 26 on one end
and inserted into the respective terminals 18 (e.g., RL, LL,
chest) of the monitor cable 40 on the other end.

Once the three connections are made to the connector box
10 of the epicardial paving wires 20a, 205, pulse generator
32, and telemetry monitoring system 24, the medical pro-
fessional may view the patient’s cardiac signals on the
monitor 38 of the telemetry monitoring system 24 to view
the epicardial waveforms 44. If surface ECG electrodes 26
are coupled to the telemetry monitoring system 24, the
medical professional may view the surface ECG electrode
waveforms 46 and epicardial waveforms 44 simultaneously.
During cardiac visualization, the medical professional may
deliver pacing pulses to the patient 12 through the epicardial
pacing wires 20a, 205 by initiating the appropriate prompts
on the pulse generator 32. Simultaneous with and immedi-
ately after pacing, the medical professional may view the
surface ECG electrode waveforms 46 and epicardial wave-
forms 44 on the monitor 38 to determine if additional pacing
is needed in a quick and convenient manner.

Certain terminology is used herein for purposes of refer-
ence only, and thus is not intended to be limiting. For
example, terms such as “upper”, “lower”, “above”, and
“below” refer to directions in the drawings to which refer-
ence is made. Terms such as “front”, “back”, “rear”, “bot-



US 10,471,261 B2

11

tom” and “side”, describe the orientation of portions of the
component within a consistent but arbitrary frame of refer-
ence, which is made clear by reference to the text and the
associated drawings describing the component under dis-
cussion. Such terminology may include the words specifi-
cally mentioned above, derivatives thereof, and words of
similar import. Similarly, the terms “first”, “second” and
other such numerical terms referring to structures do not
imply a sequence or order unless clearly indicated by the
context. When elements are indicated to be electrically
connected, that connection may be direct or through an
intervening conductive element.

When introducing elements or features of the present
disclosure and the exemplary embodiments, the articles “a”,
“an”, “the” and “said” are intended to mean that there are
one or more of such elements or features. The terms “com-
prising”, “including” and “having” are intended to be inclu-
sive and mean that there may be additional elements or
features other than those specifically noted. It is further to be
understood that the method steps, processes, and operations
described herein are not to be construed as necessarily
requiring their performance in the particular order discussed
or illustrated, unless specifically identified as an order of
performance. It is also to be understood that additional or
alternative steps may be employed.

It is specifically intended that the present invention not be
limited to the embodiments and illustrations contained
herein and the claims should be understood to include
modified forms of those embodiments including portions of
the embodiments and combinations of elements of different
embodiments as come within the scope of the following
claims. All of the publications described herein, including
patents and non-patent publications, are hereby incorporated
herein by reference in their entireties.

The invention claimed is:

1. A method of delivering cardiac signals to a telemetry
monitor and delivering pacing signals to a patient simulta-
neously, the method comprising the steps of:

providing a connector box with a first terminal for trans-

mitting electrical signals to and from epicardial pacing
leads connected to an epicardium of a heart; a second
terminal for transmitting the electrical cardiac signals
to the pace generator and transmitting an electrical
impulse to and from a pace generator; a third terminal
outputting a conditioned electrical signal to the telem-
etry monitor; and electrical circuitry communicating
with the first, second, and third terminal and providing
a current limiter steering the electrical impulse pre-
dominantly to the heart of the patient and not to the
electrical circuitry and receiving voltage signals
induced by the heart; and a clipper limiting the voltage
signal sent to the telemetry monitor at at least one
predetermined voltage level,

connecting the epicardial pacing leads to the first termi-

nal;

connecting a pacemaker connector connecting the pace

generator to the second terminal; and

connecting the telemetry monitor to the third terminal.

2. The method of claim 1 further comprising the step of
displaying the conditioned electrical signal on the telemetry
monitor.

3. The method of claim 2 further comprising the step of
placing surface electrodes on a chest of the patient.

4. The method of claim 3 further comprising the step of
electrically connecting the surface electrodes to the telem-
etry monitor and displaying a cardiac signal from the surface
electrodes on the telemetry monitor.

—

0

20

25

30

35

40

45

55

60

65

12

5. The method of claim 1 further comprising the step of
adhering the connector box to the chest of the patient.

6. The method of claim 1 further comprising the step of
connecting the epicardial pacing leads to a right atrium of a
patient’s heart.

7. A connector box for connecting epicardial pacing leads
of a patient to: (a) a pace generator delivering a pacing signal
through the epicardial pacing leads to a heart of the patient
and (b) a telemetry monitor receiving cardiac signals
through the epicardial pacing leads from the heart of the
patient, simultaneously, comprising:

first terminals configured to transmit electrical cardiac

signals to and from the epicardial pacing leads con-
nected to the heart of the patient;
second terminals configured to transmit the electrical
cardiac signals to the pace generator and transmitting
an electrical impulse to and from the pace generator;

third terminals configured to output a conditioned elec-
trical signal to the telemetry monitor; and

electrical circuitry configured to communicate with the

first, second, and third terminals and comprising

a current limiter configured to steer the electrical
impulse predominantly to the heart of the patient and
not to the electrical circuitry and configured to
receive voltage signals induced by the heart; and

a clipper configured to limit the voltage signals sent to
the telemetry monitor at at least one predetermined
voltage level.

8. The connector box of claim 7 wherein the clipper is an
active clipping circuit using an operational amplifier.

9. The connector box of claim 8 wherein the active
clipping circuit provides a first gain multiplying circuit and
a second dividing circuit and operates to clip by boosting the
signal at the first gain multiplying circuit beyond an output
voltage range of the first gain multiplying circuit and then
attenuating the signal back to a cardiac signal voltage range
suitable to be displayed by the associated telemetry monitor.

10. The connector box of claim 9 wherein the active
clipping circuit provides a first and second clipping voltage
level and clips a current limited combination signal if it
exceeds the first positive clipping voltage level or is less than
the second negative voltage clipping level.

11. The connector box of claim 7 further comprising a
passive clipping circuit providing back-to-back diodes
shunting the current limited combination signal.

12. The connector box of claim 7 further including a low
pass filter filtering high-frequency signals from the current
limited combined signal.

13. The connector box of claim 7 wherein the first,
second, and third terminals are labeled with an indicia
identifying a one of the epicardial leads, pacer generator, and
telemetry monitor.

14. The connector box of claim 13 wherein the connector
box has a weight and a size adapted to be supported on the
body of the patient.

15. The connector box of claim 13 further including skin
electrodes configured to be positioned on a body of the
patient and configured to communicate with the telemetry
monitor to display both cardiac signals from the epicardial
pacing leads and body electrodes.

16. The connector box of claim 13 wherein the third
terminals have connectors matching those of skin electrodes
positionable on the body.

17. The connector box of claim 7 wherein the connectors
of the third terminals are snaps providing attachment of the
connector box to the telemetry monitor.
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18. The connector box of claim 7 wherein the first, second
and third terminals are mechanically releasable electrical
connectors.

19. A telemetry monitoring system for connecting epicar-
dial pacing leads of a patient to a pace generator adapted to
deliver a pacing signal through the epicardial pacing leads to
a heart of the patient, comprising:

a telemetry monitor configured to receive cardiac signals
through the epicardial pacing leads from the heart of
the patient; and

a connector box having

first terminals configured to transmit electrical cardiac
signals to and from the epicardial pacing leads
connected to the heart of the patient;

second terminals configured to transmit the electrical
cardiac signals to the pace generator and configured
to transmit an electrical impulse to and from the pace
generator;

14

third terminals configured to output a conditioned elec-
trical signal to the telemetry monitor; and
electrical circuitry configured to communicate with the
first, second, and third terminals and comprising
a current limiter configured to steer the electrical
impulse predominantly to the heart of the patient
and not to the electrical circuitry and receiving
voltage signals induced by the heart; and
a clipper configured to limit the voltage signals sent
to the telemetry monitor at at least one predeter-
mined voltage level
wherein the telemetry monitor simultaneously receives
cardiac signals with the delivery of pacing signals by
the pace generator.

20. The system of claim 19 wherein the telemetry monitor
has a connector having two monitoring electrode position
inputs and is configured to receive the conditioned electrical
signal into the two monitoring electrode position inputs.
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