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7) ABSTRACT

A hand-holdable structure implementing electrodes to
enable good skin-electrode contact to acquire ECG readings
is disclosed. Specifically, the structure is shaped to enable
patients to apply a simple gentle grip to have a reliable
skin-electrode contact and to automatically commence ECG
tracing transmission to a patient monitoring station. In one
embodiment the structure incorporates an RF telemetry head
to simultaneously transfer IMD stored data in conjunction
with the ECG tracings. The structure independently or in
combination with the RF telemetry head is adaptable to a
system of data communications with a programmer or
equivalent instrument to transfer ECG and IMD data to a
remotely located physician station or patient data storage
server. The system is also adaptable for use with a web-
enabled network such as, without limitation, the Internet,
intranet, World Wide Web, extranet or equivalent.
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Figure 3A
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HAND-HELD SURFACE ECG AND RF APPARATUS
INCORPORATED WITH A MEDICAL DEVICE

FIELD OF THE INVENTION

[0001] This invention generally relates to a method and
apparatus for detecting cardiac depolarizations for remote
monitoring of electrocardiograms (ECGs) from patients
with an implanted medical device (IMD). More particularly,
this invention pertains to hand-held electrodes for recording
and transmitting ECG data to a remote site for analysis by
a physician, clinician, or diagnostician.

BACKGROUND OF THE INVENTION

[0002] Cardiac muscle is an excitable tissue and includes
electrically excitable cardiac muscle cells. Typically, upon
intrinsic or artificial supra-threshold electrical excitation,
cardiac muscle cells generate a depolarization wave that
triggers a delayed contraction. Cardiac muscle cells are
electrically coupled enabling the flow of depolarization
waves between them. Normally, a group of pacemaker cells
located at the Sino-Atrial node in the right atrium originates
the depolarization wave that then spreads rapidly to the rest
of the heart, first to the atria and then to the ventricles. An
ECG is the record of the cardiac depolarizations. A physician
uses ECGs to determine a patient’s cardiac conduction
condition. Depending on the patient’s medical condition, it
may be needed to document the patient’s status at times
other than the patient’s clinic visit or hospital stay. Typically
and prior to the advent of remote monitoring capability, an
ECG reading is taken only in a clinical or hospital environ-
ment.

[0003] Since a patient’s skin exhibits voltage differences
due to electrical depolarizations of the heart’s muscle cells,
ECG signal acquisition involves the use of two or more
electrodes placed on a patient’s skin. In a clinic, ECGs are
recorded via a number of sensing electrodes. An individual
electrode usually includes a metal contact that attaches to the
patient’s skin with an adhesive bandage on which a con-
ductive gel is placed. When paired with other electrode(s),
electrode pairs detect changes in electrical potential across
the patient’s skin. These signals represent cardiac depolar-
izations and are fed to a recorder that may store them or print
them out on a roll of paper as ECG tracings. The ECG
electrodes are also capable of detecting artifacts from IMDs
such as those indicating a pacing output pulse and printing
these on the resultant tracing.

[0004] As the technology associated with IMDs advanced,
it soon became clear that it was necessary to have a remote
ECG monitoring capability. Transtelephonic ECG monitor-
ing soon became routine for patients with IMDs. Typically,
such monitoring is short-term, and involves the patient
contacting the physician by phone, and employing an ECG
transmitter of the type described in U.S. Pat. No. 4,151,513,
issued to Menken et al. Use of such a device, however,
typically requires the patient to apply ECG electrodes to the
body, and subsequently to couple the monitoring device to
their telephone to allow for a brief period of monitoring.

[0005] Alternatively, U.S. Pat. No. 5,503,158 issued to
Cuppock, et al describes an ambulatory ECG monitor with
a number of sensors placed on the patient’s skin to generate
an ECG. An amplifier is connected to the sensors to generate
an amplified signal. A remote processor is equipped with a
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receiver and is connected to the amplifier to receive and
process the amplified signal to obtain the patient’s electro-
cardiogram.

[0006] Other methods have also been described, for
example, attaching electrodes to the wrist in U.S. Pat No.
5,289,824, issued to Mills et al, or one of the fingers of each
hand. In the '824 patent, incorporated herein by reference in
its entirety, a wrist-worn monitor is provided that, without
external connections of any kind, enables local, multiple
event ECG data recording and telecommunication to a
remote site. The monitor is housed in a compact and
lightweight housing and is operable whenever the patient
simply places his/her hand over a portion of the monitor’s
face to contact an upper skin electrode. Circuitry is provided
to drive an integral speaker for the telecommunication of the
ECG signal or cardiac event data via telephone lines to a
remote site for so-called “over-read”, diagnosis and archival
recording. The monitor’s housing includes dual, integral dry
skin electrodes located on a wrist contacting, inner or rear
base plate and on an outer or front surface contactable by the
palm of the patient’s other hand.

[0007] Because the average age of the patients who
receive an IMD is generally over seventy, the application
and use of ECG electrodes often poses various operational
and implementation issues. For example, in the *158 patent,
multiple electrodes are placed on the patient’s upper torso
and remain there over a period of time. These attached
electrodes may irritate the skin and make it difficult to take
a shower. The wrist electrode, described is the *824 patent,
eliminates the permanent application of electrodes while
maintaining the ability to have a connection to a remote
monitor as disclosed in the *158 patent. The wrist electrode,
however, is not without its own problems. For example, an
elderly patient may have arthritis and find it quite difficult to
attach wrist electrodes or, due to very thin wrists, keep them
in close contact with the skin.

[0008] Other types of electrodes, especially those intended
for direct application to the skin, such as stick-on electrodes
that require a conductive gel, are quite difficult for any
patient to apply regardless of his or her age. Removing these
types of electrodes can cause extreme skin irritation to a
patient of any age, but especially to an elderly patient whose
skin may likely be quite thin. Finally, positioning such
electrodes requires training in order to acquire an adequate
signal that result in an ECG of diagnostic quality.

[0009] Transtelephonic systems, known in the art, seem to
require a number of connecting cables to attach the sensing
electrodes to the monitoring device. The number of cables
may increase when a separate RF head is provided to detect
and transmit simultaneous data from the IMD. The respon-
sibility to ensure an adequate connection of these cables to
the monitor should not be left to patients. This is partly
because patients may forget and, in most cases, may not be
comfortable operating electronic equipment.

[0010] Accordingly, current patient management and fol-
low-up require a nurse, clinician/technician call or inform
the patient of the need for an ECG tracing when, for
example, a physician may ask for one. This call may serve
as a reminder to the patient that the appointment is scheduled
for some time in the future. Such reminders are important
because scheduled monitoring often occur infrequently, for
example, at three or six month intervals.
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[0011] Following the reminder, the patient must locate the
equipment some time prior to the actual start of the sched-
uled monitoring. After connecting or applying the ECG
electrodes, the patient must connect them to the monitoring
device. If the monitoring device is a transtelephonic device,
that device must also be plugged into a wall socket. The
patient waits for the call from the nurse/technician and then
begins to transmit the ECG, when instructed to do so. If the
ECG electrodes do not have adequate contact with the skin
or improperly positioned, the patient is instructed to repo-
sition the ECG electrodes to try another transmission. The
nurse/technician on the other end of the line can only hope
the patient will reposition the electrodes properly. At times,
many attempts are made without much success. In such
cases, the only option is to schedule a clinic visit to ensure
the acquisition of a diagnostic quality ECG tracing.

SUMMARY OF THE INVENTION

[0012] The present invention, inter alia, overcomes the
various limitations of the prior art and simplifies the steps
required to collect reliable medical data. Specifically, the
present invention includes a cable onto which are attached
two or three objects, at least two of which are hand-holdable
structures that the patient grasps in the hand in addition to
any optional lightweight RF telemetry head. The holdable
structure incorporates ECG electrodes. These electrodes
ensure good skin-electrode contact to detect cardiac depo-
larizations. The RF telemetry head is implemented to detect
ECGs via electrodes and also downlink with an IMD if
needed. When arranged in this manner, the RF telemetry
head serves a dual role by detecting ECGs and/or collecting
and transmitting data from the IMD. Specifically, when the
telemetry head is used to detect depolarization potentials,
surface ECG electrodes are incorporated into the telemetry
head are used. In the alternative, the head could be used to
collect data from the IMD, while simultaneous collecting
depolarization data via the electrodes.

[0013] In another embodiment, the lightweight telemetry
head may be used solely as a means of collecting IMD data.
Generally, the head may collect continuous data from the
holdable structures or stored data from the IMD. Preferably,
a shielded cable RE/telemetry unit connects the holdable
structures to the telemetry head. The RF/telemetry unit
transmits ECGs and/or collected IMD data via any one of
several means, hard-wired, RF telemetry, infra-red connec-
tivity, BlueTooth or Home RF technology, transtelephonic,
or other standard connector known in the art. The RF
telemetry of the present invention is similar to telemetry
systems disclosed in commonly assigned U.S. Pat. Nos.
6,167,310 to Grevious; 5,752,977 to Grevious et al. and
5,350,411 to Ryan et al. which patents are incorporated
herein by reference in their entirety.

[0014] Because of the relatively advanced age of the
average IMD patients, it is preferred to offer a system that
takes into account the potential for some disability (e.g.,
arthritis) in addition to being user friendly. The present
invention addresses such issues. Further, the present inven-
tion the use of gels by incorporating ECG electrodes in the
holdable structure and/or telemetry head. These electrodes
require only dry skin contact.

[0015] The present invention implements a hand holdable
structure that allows an easy, natural grip to enable patients
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to apply a simple gentle grip on the structure to record
ECGs.. There is no need to use a band or other means to
ensure a tight or forced grip. The design takes into account
the possibility that an individual patient might have an
impaired grip and may be unable to exert a tight grip around
the structure. The total weight of the structure and associated
cable(s) and devices have been kept very light. Preferably,
the cable weighs less than 2 pounds, to accommodate those
patients who find it difficult to lift and support heavy
weights.

[0016] Collection of ECG tracings automatically begins
when the patient grasps the structure and the lightweight
telemetry head maintains a good skin-electrode contact.
When the telemetry head is in use to collect medical device
data, grasping the structure with good skin-electrode contact
automatically activates both ECG acquisition and data col-
lection. Subsequently, as soon as the patient breaks skin-
electrode contact, ECG acquisition and is terminated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 is an illustration of a first embodiment,
including a hand holdable structure connected to a light-
weight telemetry head with both elements connected
together by cable and then by cable to an ECG/RF telemetry
unit.

[0018] FIG. 2 is an illustration of a second embodiment,
with two hand holdable structures connected to a lightweight
telemetry head all connected to a cable and an ECG/RF
telemetry unit.

[0019] FIG. 3A is an illustration of the third embodiment,
that is, with the hand holdable structures connected together
by cable and to an ECG/RF telemetry unit.

[0020] FIG. 3B is an alternate embodiment in which the
hand-holdable structure is implemented with a rigid con-
nector.

[0021] FIG. 4 is a simplified block diagram showing
ECG/RF signals for distribution, transfer and management
across various medium.

DETAILED DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 depicts a first embodiment of the present
invention, wherein the patient is able to grasp structure 10 in
one hand and lightweight telemetry head 8 in the other. Skin
contact with one or more conductive, non-oxidizing elec-
trodes 12 located on structure 10 and telemetry head 8 is
achieved by virtue of a substantially ovoid bulb geometry of
structure 10. More specifically, structure 10 is designed to
provide ease of grasp and also enable intimate contact with
a patient’s hand to record and transmit ECG data. Telemetry
head 8 is adapted to a size and weight to fit comfortably in
the hand of the patient. The patient’s fingers or other parts
of the hand will make contact with electrodes 12 on either
side of structure 10 and telemetry head 8. Cable 6 serially
connects telemetry head 8, structure 10, and telemetry unit
4. Telemetry unit 4 transmits ECGs and/or collected IMD
data via any one of several data transmission systems,
including but not limited to a modem, RF telemetry, infra-
red connectivity, Blue Tooth, Home RF technology, tran-
stelephonic systems or equivalent systems known in the art.
Cable 6 is shielded in such a way that the RF data signals do
not interfere with the ECG signals collected at structure 10.
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Cable 6 also has one connector with a sufficient number of
pins to transfer both types of signals without interference.

[0023] Further referring to FIG. 1, the patient will usually
be transmitting ECG signals as well as data from the IMD.
Telemetry head 8 includes sensors 14 to enable data trans-
mission from the IMD. Specifically, the patient positions
telemetry head 8 over the IMD to initiate an uplink session
in which stored data from the IMD is transmitted via
telemetry 4. Similarly, ECG signals will be transmitted when
structure 10 and 8 are properly positioned with good skin
contact in the patient’s hand.

[0024] Referring to structure 10 in more detail, the shape
of electrodes 12 and the design of structure 10 may vary.
Specifically, the substantially ovoid bulbous shape of struc-
ture 10 depicted herein is only a representative sample of the
many hand-holdable shapes and structures contemplated by
the present invention. For example, the bulbous shape of
structure 10 could be circular or may take the shape of any
other geometry that can be fabricated to fit easily and
comfortably into a patient’s grasp or on/over the hand.
Similarly the oblong shape of electrodes 12 could be varied
to cover the whole surface of ovoid structure 10. Telemetry
head 8, in this embodiment, may also be fabricated in other
geometric shapes. The present invention serves to transmit
ECGs and IMD data while making such transmission as easy
and as comfortable for the patient as possible. To date, the
ovoid shape of structure 10 fulfills, inter alia, these require-
ments.

[0025] FIG.2 is an illustration of a second embodiment of
this invention. In this embodiment, preferably a plurality of
structure 10, attached in tandem by cable 6, with one or more
conductive non-oxidizing electrodes 12 on their surfaces are
shown. To use this device a patient would simply grasp
structure 10, one in each hand, and when good skin-elec-
trode contact occurs ECG transmission would begin. Telem-
etry head 8, is used exclusively to detect and transmit data
from the IMD. Telemetry head 8 preferably has no ECG
electrodes, only sensors 14, Telemetry head 8 would be held
in close proximity to the IMD by an attachment method,
such as a pouch or modified sling (not shown). RF trans-
mission of the data via telemetry 4 would begin immediately
upon the start of ECG transmission, as described above.
Telemetry head 8 could have various shapes and does not
need to conform to a grasp because it need not be held by the
patient during transmission.

[0026] FIG. 3A illustrates a third embodiment of the
present invention in which two of structure 10 are arranged
attached in tandem by cable 6 with one or more conductive,
non-oxidizing electrodes 12 on their surface. This embodi-
ment is dedicated to acquire ECG tracings via structure 10
and electrodes 12. If data from the IMD were desired, a
separate telemetry head (similar to FIG. 1 or 2) would be
required.

[0027] FIG. 3B is an alternate embodiment in which
structures 10 are connected by rigid connector 15 with cable
6 running therethrough.

[0028] Referring to FIG. 4, the ECG tracing and RF data
from the IMD is transmitted from ECG/RF telemetry unit 4
to programmer 16 by any one of several means: hard-wired,
RF telemetry, infra-red connectivity, fiberoptics network,
Blue Tooth or Home RF technology, transtelephonic, or
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equivalent. Transmission of the signal from programmer 16
can be via internet/modem connection, telephone landline,
satellite telemetry, fiberoptics, laser, or other means as
generally described in U.S. Pat. No. 5,752,976 issued to
Duffin, et al. and incorporated herein in its totality.

[0029] Functionally, an operator at programmer 16 may
initiate remote contact. Programmer 16 is adapted too down-
link to ECG/RF device 4. Generally, an operator is not
needed to operate programmer 16. In fact, uplink from
ECG/RF device 4 may be initiated by ECG/RF device 4 and
transmission made by any one means as described above.
For example, programmer 16 may contain a telemetry
transmitter and receiver to uplink and downlink to ECG/RF
device 4, a modem, a landline telephone receiver, or equiva-
lent In any case, signal transmission to programmer 16 may
occur remotely, that is, from the patient’s home, or within
the larger confines of a clinic or hospital, e.g., from a waiting
room to the room in which the programmer(s) 16 reside.
Programmer 16 is preferably of the type disclosed in U.S.
Pat. No. 5,345,362 issued to Winkler, et al., incorporated
herein in its totality.

[0030] Communication between programmer 16 and
remote expert station 20 is executed via wave units, as
described in the 976 patent. Remote expert station 20
includes a plurality of high speed network web-based or
web-compatible communication systems. Preferably, in the
context of the present invention, remote expert station 20 is
in wireless communication with programmer 16. However,
the means of communication between expert station 20 and
programmer 16 may be selected from one or a combination
of several cable and wireless systems, as mentioned above.

[0031] Remote expert station 20 includes software that can
identify a noteworthy medical events on the ECG tracing. If
such an event is identified, the software determines whether
a medical warning is required. If so, warning is immediately
issued and transmitted to local physician/clinic/hospital 18
cither directly through programmer 16 or indirectly via
Internet 24. The event is also recorded in patient data storage
22. In addition, a software in remote expert station 20
analyzes the stored device data and, if necessary, makes a
suggestion about programming changes to device param-
eters. This programming change may be coupled to the
medical event that merited a warning. In the alternate, it may
be solely based on analysis of stored diagnostic data. For
example, if the patient had not attained a normal rate
distribution, remote expert station may suggest a change in
rate response parameters.

[0032] Programmer 16 is also in direct communication
with local physician/clinic/hospital 18. As usually practiced,
programmer 16 is located within the confines of a “pacing
clinic” to use this therapy as an example. The physician may
or may not be present at this clinic. If not, the ECG tracings
and data may be sent directly to physician 18, responsible
for a specific patient..

[0033] On the other hand, if, for example, the patient’s
physician is otherwise occupied at the time of ECG/data
acquisition, clinic, or hospital 18 may access remote expert
station 20 via Internet 24. If contact by physician/clinic/
hospital 18 is further delayed, for example, until the next
day, the patient’s ECG and other medical data will have
already been downloaded to patient data storage 22. In this
case, physician/clinic/hospital 18 may access patient data
storage 22 via Internet 24.
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[0034] Patient data storage 22 is a highly interactive
component of the system. User identification is required
prior to admission. When admitted, the physician 18 may,
for example, review the previously mentioned stored sug-
gestions for reprogramming from remote expert station 20.
If approved, these programming commands may be routed
back to programmer 16 for down linking to the IMD via
other methods that are not in the scope of this patent. If not
approved, the physician may call for further data that may be
obtained by the use of this invention or requesting that the
patient come in for a clinic visit.

[0035] In one embodiment PC 26 is implemented to
transmit/record ECG and IMD data from ECG/RF device 4.
PC 26 is adapted to be in data communication with local
physician/clinic/hospital 18, remote expert station 20, stor-
age/server 22 and Internet 24.

[0036] The preceding specific embodiments are illustra-
tive of the practice of the invention. It is to be understood,
therefore, that other expedients known to those of skill in the
art or disclosed herein may be employed without departing
from the invention or the scope of the appended claim. It is
therefore to be understood that the invention may be prac-
ticed otherwise than is specifically described, without
departing from the scope of the present invention. As to
every element, it may be replaced by any one of infinite
equivalent alternatives, only some of which are disclosed in
the specification.

What is claimed is:

1. A hand-holdable device to establish reliable skin-
electrode contact for physiological signal acquisition, the
hand-holdable device comprising:

a first structure with at least one electrode shaped to be
casily graspable to establish said skin-electrode contact
in one hand;

a second structure with at least one electrode shaped to be
easily graspable to establish said skin-electrode contact
in another hand; and

a telemetry unit having operable data communications
link with said first and said second structure,
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said first structure being connected to said second struc-
ture wherein the physiological signal created across
said first and said second structures is transmitted to
said telemetry unit via said data communication link.

2. The device of claim 1 wherein said first and second
structure include a substantially ovoid shape conforming to
a human grasp.

3. The device of claim 1 wherein a headless RF telemetry
is incorporated in one of said first and second structures to
uplink to an IMD.

4. The device of claim 2 wherein said at least one
electrode is shaped to conform to said ovoid shape.

5. The device of claim 4 wherein said at least one
electrode substantially covers major surfaces of said ovoid
shape.

6. The device of claim 1 wherein said telemetry unit
includes a communication link to transmit medical data
collected by said device to one of and all of a programmer,
a PC, a remote station, a data server.

7. The device of claim 6 wherein said medical data
includes medical data collected from at least one IMD in a
patient using said device.

8. A hand-held surface ECG and RF system for detecting
cardiac depolarizations for remote monitoring of ECGs from
a patient with an IMD, the system comprising:

a structure shaped to conform to a grasp of the patient;

electrodes incorporated in the said structures to enable
reliable skin-electrode contact at said grasp of the
patient;

a data communication link between said structure and said
RF system to enable transmission of ECG tracing from
the structure.

9. The system of claim 8 wherein said structure includes
substantially ovoid shapes forming a first end and second
end rigidly spread apart by a connecting member.

10. The system of claim 9 wherein said connecting
member includes means for routing a data communications
cable between said first end and said second end.
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