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An apparatus for providing on-patient communication is
described. An implantable medical device including a sensor
of physiometry is implanted in a patient. A communication
module is remotely interconnected to an interrogation device
external to the patient's body and the physiometry is
exchanged with the interrogation device. Spoken communi
cation from the patient is received by an implantable micro
phone including a communication module and is relayed to

the interrogation device. Voice prompts received from the
interrogation device are played by An implantable speaker
including a communication module. Pre-defined uniquely
identifying patient characteristics are further included with at
least one of the implantable medical device, implantable
microphone, and implantable speaker and the characteristics
are presented on demand by the communication module of
the implantable medical device, implantable microphone,
and implantable speaker.

-"
internetwork

X,

2 it

Server
System
SyS,

i8

22

Database
17

Patent Application Publication

Mar. 12, 2009 Sheet 1 of 30

US 2009/0069867 A1

is

g

S

N

S

Patent Application Publication

Mar. 12, 2009 Sheet 2 of 30

US 2009/0069867 A1

s

g
'w

X

n

8

gll

w

a

g
/

Y

His

9

1.9

is g

go

5

s

t

cy

d

arrrr.

&

as E.

e

Y

s

85
-

s

-

2"

is

Wra

N. \ . .

SD

/1 go

.

r
r

cy

a

e

s

g

N

Patent Application Publication

Mar. 12, 2009 Sheet 3 of 30

Collected

US 2009/0069867 A1

50

2

Measures
Set

8N- Server Syster
S

52
-

Database Wodule

Database
-

Y
5

Analysis Module N
53

Patient Status
indicator

S4

Feedback Mode

N55

Patent Application Publication

Mar. 12, 2009 Sheet 4 of 30

|

º
og

T

ug:

|

US 2009/0069867 A1

Patent Application Publication

Mar. 12, 2009 Sheet 5 of 30

US 2009/0069867 A1

Patent Application Publication

Mar. 12, 2009 Sheet 6 of 30

US 2009/0069867 A1

Fig. 6.

Set

Set -2

Set -

Set ri

Xo

Xng

X-1

Xa

-

Y.

Zn-

Z"

Ye
Zg

". . . . . .

Za-2"

Patent Application Publication

US 2009/0069867 A1

Mar. 12, 2009 Sheet 7 of 30

Fig. 7.
90

Organize patient care
records in a database

y

9.

Retrieve Collected
reasures sets for

implantable medical
device for a individia

patient

92

y
Send collected measures
sets over continications ink
93

Periodically receive
Collected reasures Sets
over corrinications link

y
Store collected measures

sets into a patient care
record for that patient in a
database

95

y
Analyze one of more
Collected neasies

sets for that patient

y
Send feedback based

on analysis to that
patient over feedback
corrunications ink

97

Patent Application Publication

Mar. 12, 2009 Sheet 8 of 30

Fig. 8.

US 2009/0069867 A1

96
Select a first Collected
measures set from a

patient care record in Y,
the database

OO

Select a secord collected
reasures set for the

same patient care record Y
in the database

Select a second Collected
measures set front

another patient care
record in the database

103

O

Sitting

s

Compare sibling
Yes-o- || collected reasures
Sets

No

O6

? 107

peer

Compare peer

' W v. '
D-Yes-p
easures?

rese
Generate patient
status indicator

Reitri

collected reasures
was

sets
108

Patent Application Publication

US 2009/0069867 A1

Mar. 12, 2009 Sheet 9 of 30

-

5

Select
reasures fron
each Collected
reasures Set

Yes
measures from
each Collected
feasures set

Compare first
116 collected measure to
Second Collected
E3SE

17

Determire first ard
Secord derived
measures from
selected measures

y
Compare first
Collected reasure

/ to second collected
4

-

>More

comparisons?

fore

- comparisors?
Y

Yes

Patent Application Publication

Fig. 10A.

Mar. 12, 2009 Sheet 10 of 30

US 2009/0069867 A1

O7

Cornpare
peers

Secord

First
ES

E33

derived?

derived?

Y

126

2

Select
Second

reasure(s)
for first

measure(s)

ease

from Second

Nderived

Collected
reasures Set

Collected
feastfeS. Set

Determine first
from Selected

freasures for
each Collected

measure(s)

reaSLEFeS Se:

derived reasire

Detefire second
derived measure for

selected measure(s)

v - 133

V - 128

Compare first

derived measure to
second Collected
ES

Select

Determine first and
second derived
easures from
selected reasures

Compare first

collected reasure to
second derived
3S

y - 124

34

Compare first
29

Y

fore

comparisons?
N

collected reasure to
Second collected
Se3SE

125
fore

comparisons?

More

comparisons?

Patent Application Publication

Mar. 12, 2009 Sheet 11 of 30

Fig. 10B.

Select
reasures for
each Collected
reaStres Set

Compare first
collected reasure to
secord Collected

More

comparisons?

US 2009/0069867 A1

Patent Application Publication

Mar. 12, 2009 Sheet 12 of 30

US 2009/0069867 A1

Fig. 11.
97

-

Feedback

- 15
Yes-p-

Send interpretation
of patient status
iridicator

No

- 153

52

Second

-

Send rotification of

potential medical
concern to patient

No

- 155
Send notification of
54

Yes

potential redical
concern to local

physiciar
No

- 157
Send reprogramming

156 -

Fourth

Yes--

irstrictions to

irplantable medical
device

No

Patent Application Publication

Mar. 12, 2009 Sheet 13 of 30

US 2009/0069867 A1

s

as

se

s
ce

of f

to

w

(-

w

g N-8-8

sg

L/

ke

(c\

SY:

s

Y -y
- C.
se

se

were

S. HIH

H

?&

Patent Application Publication

Mar. 12, 2009 Sheet 14 of 30

No.
68.

CD\)]
{} ?

3 40A

i[nd-in)o

US 2009/0069867 A1

Patent Application Publication

Mar. 12, 2009 Sheet 15 of 30

US 2009/0069867 A1

Fig. 14.
50
Collected L
Measures Set

6

228 -

Y

Y Server System

52s

Collected

Quality of Life

Database Module

Database

Measures Set

Analysis Module

Patient Statis
indicator

Feedback Module y
55

Patent Application Publication

Mar. 12, 2009 Sheet 16 of 30

gezº

'GI,‘61-I

US 2009/0069867 A1

Patent Application Publication

Fig. 16A.

Mar. 12, 2009 Sheet 17 of 30

US 2009/0069867 A1

Start -239
Organize patient care records in a
database

y

9.

Retrieve collected neasures sets from

implantable medical device for an
individual patient
92

y
Send collected measures sets over

communications link

r

v
Periodically receive Collected measures
sets over corninnications link

v

94

Store Collected easures sets into a

patient care record for that patient in a
database

y
Process voice feedback into quality
of life measures set spoken into
renote client contemporaneous to r
collection of an identified collected
feaseS Se

240

y
Send quality of Fife measures set and
identified collected reasires sent over s
communications link

2.

Patent Application Publication

Mar. 12, 2009 Sheet 18 of 30

US 2009/0069867 A1

Fig. 16B.

Receive quality of life measures
Setard iderified collected

reasures set over
cortifications lik

N
242

—
Store quality of life measures set
and identified collected

measures set into a patient care s
record

243

v
Analyze quality of life measures
set, identified collected
measures set, and one of more
collected measures sets for that N
patient

244

y
Send feedback based of

analysis to that patient over
feedback cornmunications link

s
245

End

Patent Application Publication

Mar. 12, 2009 Sheet 19 of 30

US 2009/0069867 A1

Fig. 17.
( Process Y
Feedback

240

Request quality of life
measure via voice

prompt

Receive spoker feedback
from patient

Y
25

Recognize individual words
in spoken feedback and
translate spoker words into
writter words

Ret

52

Patent Application Publication

Mar. 12, 2009 Sheet 20 of 30

US 2009/0069867 A1

Fig. 18.

Synthesized
speech?

Storing a writter
script of quality of
Yes-p- life reasure
N

re
No

Retrieving each

w

quality of life

Storing pre-recorded
speech of quality of

reasure request

r life measure requests
y

264

Retrieving each quality
of life measure
request

285

w
Playing the retrieved

- quality of life measure

266

request

28
N
262

Synthesizing speech
for playback from the

retrieved quality of life s
measure request

283

Patent Application Publication

Mar. 12, 2009 Sheet 21 of 30

US 2009/0069867 A1

Fig. 19.
Recognize and
Translate

Storing a voice
grammar

y
Storing a vocabulary
27

Recognize individual
words in voice
feedback

N
272

Parsing individual
written words into
tokens

v

s
273

Performing a lexical
analysis of parsed
tokers in accordance

with voice grammar

y

s
274

lookup written
individual words fror

vocabulary

s
275

Return

Patent Application Publication

Mar. 12, 2009 Sheet 22 of 30

US 2009/0069867 A1

Patent Application Publication

©

s

§§
3.
•

'Lz(61-)

US 2009/0069867 A1

Mar. 12, 2009 Sheet 23 of 30

64

Patent Application Publication

9,9

Mar. 12, 2009 Sheet 24 of 30

29

|

osº
ºzz-61-I

US 2009/0069867 A1

Patent Application Publication

"cz(61-)

Mar. 12, 2009 Sheet 25 of 30

US 2009/0069867 A1

Patent Application Publication

Mar. 12, 2009 Sheet 26 of 30

F i 9. 24.

US 2009/0069867 A1

Patier: 2
Set 0

Set n-2.

Set F-1

Set in

Set 0

Set n-2

Set r-

Set in

Patent Application Publication

Mar. 12, 2009 Sheet 27 of 30

US 2009/0069867 A1

Patent Application Publication

Fig. 26A.

Mar. 12, 2009 Sheet 28 of 30

US 2009/0069867 A1

Start
38

Organize patient care
records if a database

y

38

For each site, do

y

38

Retrieve Collected reasires

sets for an individual patient

y

Send collected reasures sets
over Corunicatios ink

y

363

a

Periodically receive collected
reasies sets Over

Cornmunications ink

y

365

Store collected reasies sets

into a patient care record for
that patient in a database

y

386

Process voice feedback into

quality of life measures set
spoken into remote client
contemporaneous to collection
of an identified collected
reasures set

v
Serd quality of life measures set
and identified Cotected measures

sent over corrunicatios ink

-

24

Patent Application Publication

Mar. 12, 2009 Sheet 29 of 30

US 2009/0069867 A1

Fig. 26B.
Receive quality of life measures
set and identified collected
reasires set over

contifications lik

y

242

Store quality of life measures set
and identified collected

measures set into a patient care
record

243

w
Eid do f" Site if

y

387

For each disorder, do

y

388

Analyze equality of life measures
set, identified collected

reasures set, and one or more
collected measures sets for that

patient

y
Erd do. f* disorder *f

y

370

Send feedback based on

analysis to that patient over
feedback contrufications link
245
Erd

Patent Application Publication

Mar. 12, 2009 Sheet 30 of 30

668

aseq

US 2009/0069867 A1

US 2009/0069867 A1

APPARATUS FOR PROVIDING ON-PATIENT
COMMUNICATION
CROSS-REFERENCE TO RELATED
APPLICATIONS

0001. This patent application is a continuation of U.S.
patent application Ser. No. 11/089,839, filed Mar. 25, 2005,
which is a continuation-in-part of U.S. Pat. No. 6,997.873,
issued Feb. 14, 2006, which is a continuation of U.S. Pat. No.
6,261,230, issued Jul. 17, 2001, which is a continuation-in

part of U.S. Pat. No. 6,203,495, issued Mar. 20, 2001, which
is a continuation-in-part of U.S. Pat. No. 6,312.378, issued
Nov. 6, 2001, the priority dates of which are claimed and the
disclosures of which are incorporated by reference.
FIELD

0002 The present invention relates in general to auto
mated data collection and analysis, and, in particular, to an
apparatus for providing on-patient communication.
BACKGROUND

0003) A broad class of medical subspecialties, including
cardiology, endocrinology, hematology, neurology, gastroen
terology, urology, opthalmology, and otolaryngology, to
name a few, rely on accurate and timely patient information
for use in aiding health care providers in diagnosing and
treating diseases and disorders. Often, proper medical diag
nosis requires information on physiological events of short
duration and Sudden onset, yet these types of events are often
occur infrequently and with little or no warning. Fortunately,
Such patient information can be obtained via external,
implantable, cutaneous, Subcutaneous, and manual medical
devices, and combinations thereof. For example, in the area of
cardiology, implantable pulse generators (IPGs) are medical
devices commonly used to treat irregular heartbeats, known
as arrhythmias. There are three basic types of IPGs. Cardiac
pacemakers are used to manage bradycardia, an abnormally
slow or irregular heartbeat. Bradycardia can cause symptoms
Such as fatigue, dizziness, and fainting. Implantable cardio
verter defibrillators (ICDs) are used to treattachycardia, heart
rhythms that are abnormally fast and life threatening. Tachy
cardia can result in sudden cardiac death (SCD). Finally,
implantable cardiovascular monitors and therapeutic devices
are used to monitor and treat structural problems of the heart,
Such as congestive heart failure, as well as rhythm problems.
0004 Pacemakers and ICDs, as well as other types of
implantable and external medical devices, are equipped with
an on-board, Volatile memory in which telemetered signals
can be stored for later retrieval and analysis. In addition, a
growing class of cardiac medical devices, including implant
able heart failure monitors, implantable event monitors, car
diovascular monitors, and therapy devices, are being used to
provide similar stored device information. These devices are
able to store more than thirty minutes of per heartbeat data.
Typically, the telemetered signals can provide patient device
information recorded on a per heartbeat, binned average
basis, or derived basis from, for example, atrial electrical
activity, Ventricular electrical activity, minute ventilation,
activity score, cardiac output score, mixed venous oxygen
score, cardiovascular pressure measures, time of day, and
interventions and the relative Success of interventions. In
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addition, many such devices can have multiple sensors, or
several devices can work together, for monitoring different
sites within a patient's body.
0005 Presently, stored device information is retrieved
using a proprietary interrogator or programmer, often during
a clinic visit or following a device event. The volume of data
retrieved from a single device interrogation'snapshot' can be
large and proper interpretation and analysis can require sig
nificant physician time and detailed Subspecialty knowledge,
particularly by cardiologists and cardiac electrophysiolo
gists. The sequential logging and analysis of regularly sched
uled interrogations can create an opportunity for recognizing
Subtle and incremental changes in patient condition otherwise
undetectable by inspection of a single "snapshot.” However,
present approaches to data interpretation and understanding
and practical limitations on time and physician availability
make such analysis impracticable.
0006 Similarly, the determination and analysis of the
quality of life issues which typically accompany the onset of
a chronic yet stable diseases, such as coronary-artery disease,
is a crucial adjunct to assessing patient wellness and progress.
However, unlike in a traditional clinical setting, physicians
participating in providing remote patient care are notable to
interact with their patients in person. Consequently, quality of
life measures, such as how the patient Subjectively looks and
feels, whether the patient has shortness of breath, can work,
can sleep, is depressed, is sexually active, can perform activi
ties of daily life, and so on, cannot be implicitly gathered and
evaluated.

0007 Aprior art system for collecting and analyzing pace
maker and ICD telemetered signals in a clinical or office
setting is the Model 9790 Programmer, manufactured by
Medtronic, Inc., Minneapolis, Minn. This programmer can be
used to retrieve data, Such as electrocardiogram and any mea
sured physiological conditions, collected by the IPG for
recordation, display and printing. The retrieved data is dis
played in chronological order and analyzed by a physician.
Comparable prior art systems are available from other IPG
manufacturers, such as the Model 2901 Programmer
Recorder Monitor, manufactured by Guidant Corporation,
Indianapolis, Ind., which includes a removable floppy dis
kette mechanism for patient data storage. These prior art
systems lack remote communications facilities and must be
operated with the patient present. These systems present a
limited analysis of the collected databased on a single device
interrogation and lack the capability to recognize trends in the
data spanning multiple episodes over time or relative to a
disease specific peer group.
0008. A prior art system for locating and communicating
with a remote medical device implanted in an ambulatory
patient is disclosed in U.S. Pat. No. 5,752,976 (976). The
implanted device includes a telemetry transceiver for com
municating data and operating instructions between the
implanted device and an external patient communications
device. The communications device includes a link to a

remote medical Support network, a global positioning satel
lite receiver, a patient activated link for permitting patient
initiated communication with the medical Support network.
Patient voice communications through the patient link
include both actual patient Voice and manually actuated sig
naling which may convey an emergency situation. The patient
Voice is converted to an audio signal, digitized, encoded, and
transmitted by data bus to a system controller.
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0009 Related prior art systems for remotely communicat
ing with and receiving telemetered signals from a medical
device are disclosed in U.S. Pat. Nos. 5,113,869 (869) and
5,336,245 (245). In the 869 patent, an implanted AECG
monitor can be automatically interrogated at preset times of
day to telemeter out accumulated data to a telephonic com
municator or a full disclosure recorder. The communicator

can be automatically triggered to establish a telephonic link
and transmit the accumulated data to an office or clinic

through a modem. In the 245 patent, telemetered data is
downloaded to a larger capacity, external data recorder and is
forwarded to a clinic using an auto-dialer and fax modem
operating in a personal computer-based programmer/interro
gator. However, the 976 telemetry transceiver, 869 commu
nicator, and 245 programmer/interrogator are limited to
facilitating communication and transferal of downloaded
patient data and do not include an ability to automatically
track, recognize, and analyze trends in the data itself. More
over, the 976 telemetry transceiver facilitates voice commu
nications through transmission of a digitized audio signal and
does not perform Voice recognition or other processing to the
patient's Voice.
0010. The uses of multiple sensors situated within a
patient's body at multiple sites are disclosed in U.S. Pat. No.
5,040,536 (536) and U.S. Pat. No. 5,987,352 (352). In the
536 patent, an intravascular pressure posture detector
includes at least two pressure sensors implanted in different
places in the cardiovascular system, Such that differences in
pressure with changes in posture are differentially measur
able. However, the physiological measurements are used
locally within the device, or in conjunction with any implant
able device, to effect a therapeutic treatment. In the 352
patent, an event monitor can include additional sensors for
monitoring and recording physiological signals during
arrhythmia and syncopal events. The recorded signals can be
used for diagnosis, research ortherapeutic study, although no
systematic approach to analyzing these signals, particularly
with respect to peer and general population groups, is pre
sented.

0011 Thus, there is a need for a system and method for
providing continuous retrieval, transferal, and automated
analysis of medical device information, Such as telemetered
signals, retrieved in general from abroad class of implantable
and external medical devices. Preferably, the automated
analysis would include recognizing a trend indicating disease
absence, onset, progression, regression, and status quo and
determining whether medical intervention is necessary.
0012. There is a further need for a system and method that
would allow consideration of sets of collected measures, both

actual and derived, from multiple device interrogations.
These collected measures sets could then be compared and
analyzed against short and long term periods of observation.
0013 There is a further need for a system and method that
would enable the measures sets for an individual patient to be
self-referenced and cross-referenced to similar or dissimilar

patients and to the general patient population. Preferably, the
historical collected measures sets of a patient could be com
pared and analyzed against those of other patients in general
or of a disease specific peer group.
0014. There is a further need for a system and method for
accepting and normalizing live Voice feedback spoken by an
individual patient while an identifiable set of telemetered
signals is collected by a implantable medical device. Prefer
ably, the normalized Voice feedback a semi-quantitative self
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assessment of an individual patient's physical and emotional
well being at a time Substantially contemporaneous to the
collection of the telemetered signals.
SUMMARY

0015 The present invention provides a system and method
for automated collection and analysis of patient information
retrieved from an implantable medical device for remote
patient care. The patient device information relates to indi
vidual measures recorded by and retrieved from implantable
medical devices, such as IPGs and monitors. The patient
device information is received on a regular, e.g., daily, basis as
sets of collected measures which are stored with other patient
records in a database. The information can be analyzed in an
automated fashion and feedback provided to the patient at any
time and in any location.
0016. The present invention also provides a system and
method for providing normalized voice feedback from an
individual patient in an automated collection and analysis
patient care system. As before, patient device information is
received on a regular, e.g., daily, basis as sets of collected
measures which are stored along with other patient records in
a database. Voice feedback spoken by an individual patient is
processed into a set of quality of life measures by a remote
client Substantially contemporaneous to the recordation of an
identifiable set of collected device measures by the implant
able medical device. The processed voice feedback and iden
tifiable collected device measures set are both received and

stored into the patient record in the database for subsequent
evaluation.

0017. An embodiment is a system and method for trans
acting an automated patient communications session. A
patient health condition is monitored by regularly collecting
physiological measures through an implantable medical
device. A patient communications session is activated
through a patient communications interface, including an
implantable microphone and an implantable speaker in
response to a patient-provided activation code. An identifica
tion of the patient is authenticated based on pre-defined
uniquely identifying patient characteristics. Spoken patient
information is received through the implantable microphone
and Verbal system information is played through the implant
able speaker. The patient communications session is termi
nated by closing the patient communications interface. The
physiological measures and the spoken patient information
are Sent.

0018. A further embodiment is a server for performing
patient communication over a network. A network is inter
faced with a communication interface. Each of an implant
able medical device, an implantable microphone, and an
implantable speaker is remotely interconnected to a commu
nication module through the network. Voice prompts are
played back through the implantable speaker and Voice feed
back spoken from the patient is received through the implant
able speaker by a verbal information module configured over
the network. An identification of the patient is authenticated
based on pre-defined uniquely identifying patient character
istics by an authentication module configured over the net
work. Physiological measures are retrieved from the implant
able medical device upon Successful authentication by an
interrogation module configured over the network.
0019. A further embodiment is a programmer for perform
ing patient communication over a communications network.
A communications network is interfaced with a communica
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tion interface. Each of an implantable medical device, an
implantable microphone, and an implantable speaker
implanted in a patient is logically interconnected to a telem
etry module through a telemetry interface. A server is
remotely interconnected with a communications module
through the communications network. Voice prompts are
played back remotely to the patient through the implantable
speaker and voice feedback is received remotely from the
patient through the implantable microphone by a voice mod
ule. Physiological measures from the implantable medical
device are retrieved by an interrogation module upon Success
ful authentication of the patient based on pre-defined
uniquely identifying patient characteristics with the server.
0020. A further embodiment is an apparatus for providing
on-patient communication. An implantable medical device
including a sensor of physiometry is implanted in a patient. A
communication module is remotely interconnected to an
interrogation device external to the patient's body and the
physiometry is exchanged with the interrogation device. Spo
ken communication from the patient is received by an
implantable microphone including a communication module
and is relayed to the interrogation device. Voice prompts are
received from the interrogation device are played by an
implantable speaker including a communication module.
Pre-defined uniquely identifying patient characteristics are
further included with at least one of the implantable medical
device, implantable microphone, and implantable speaker
and the characteristics are presented on demand by the com
munication module of the implantable medical device,
implantable microphone, and implantable speaker.
0021. The present invention facilitates the gathering, stor
age, and analysis of critical patient information obtained on a
routine basis and analyzed in an automated manner. Thus, the
burden on physicians and trained personnel to evaluate the
Volumes of information is significantly minimized while the
benefits to patients are greatly enhanced.
0022. The present invention also enables the simultaneous
collection of both physiological measures from implantable
medical devices and quality of life measures spoken in the
patient's own words. Voice recognition technology enables
the spoken patient feedback to be normalized to a standard
ized set of semi-quantitative quality of life measures, thereby
facilitating holistic remote, automated patient care.
0023 Still other embodiments of the present invention
will become readily apparent to those skilled in the art from
the following detailed description, wherein is described
embodiments of the invention by way of illustrating the best
mode contemplated for carrying out the invention. As will be
realized, the invention is capable of other and different
embodiments and its several details are capable of modifica
tions in various obvious respects, all without departing from
the spirit and the scope of the present invention. Accordingly,
the drawings and detailed description are to be regarded as
illustrative in nature and not as restrictive.
BRIEF DESCRIPTION OF THE DRAWINGS

0024 FIG. 1 is a block diagram showing a system for
automated collection and analysis of patient information
retrieved from an implantable medical device for remote
patient care in accordance with the present invention;
0025 FIG. 2 is a block diagram showing the hardware
components of the server system of the system of FIG. 1;
0026 FIG. 3 is a block diagram showing the software
modules of the server system of the system of FIG. 1;
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0027 FIG. 4 is a block diagram showing the analysis
module of the server system of FIG. 3;
0028 FIG. 5 is a database schema showing, by way of
example, the organization of a cardiac patient care record
stored in the database of the system of FIG. 1;
0029 FIG. 6 is a record view showing, by way of example,
a set of partial cardiac patient care records stored in the
database of the system of FIG. 1;
0030 FIG. 7 is a flow diagram showing a method for
automated collection and analysis of patient information
retrieved from an implantable medical device for remote
patient care in accordance with the present invention;
0031 FIG. 8 is a flow diagram showing a routine for
analyzing collected measures sets for use in the method of
FIG.7;

0032 FIG. 9 is a flow diagram showing a routine for
comparing sibling collected measures sets for use in the rou
tine of FIG. 8:

0033 FIGS. 10A and 10B are flow diagrams showing a
routine for comparing peer collected measures sets for use in
the routine of FIG. 8:

0034 FIG. 11 is a flow diagram showing a routine for
providing feedback for use in the method of FIG. 7:
0035 FIG. 12 is a block diagram showing a system for
providing normalized voice feedback from an individual
patient in an automated collection and analysis patient care
system;

0036 FIG. 13 is a block diagram showing the software
modules of the remote client of the system of FIG. 12;
0037 FIG. 14 is a block diagram showing the software
modules of the server system of the system of FIG. 12;
0038 FIG. 15 is a database schema showing, by way of
example, the organization of a quality of life record for car
diac patient care stored as part of a patient care record in the
database of the system of FIG. 12;
0039 FIGS. 16A-16B are flow diagrams showing a
method for providing normalized voice feedback from an
individual patient in an automated collection and analysis
patient care system;
0040 FIG. 17 is a flow diagram showing a routine for
processing voice feedback for use in the method of FIGS.
16A-16B;

0041 FIG. 18 is a flow diagram showing a routine for
requesting a quality of life measure for use in the routine of
FIG. 17:

0042 FIG. 19 is a flow diagram showing a routine for
recognizing and translating individual spoken words for use
in the routine of FIG. 17:

0043 FIG. 20 is a block diagram showing the software
modules of the server system in a further embodiment of the
system of FIG. 12;
0044 FIG. 21 is a block diagram showing a system for
providing normalized voice feedback from an individual
patient in an automated collection and analysis patient care
system in accordance with a further embodiment of the
present invention;
0045 FIG. 22 is a block diagram showing the analysis
module of the server system of FIG. 21;
0046 FIG. 23 is a database schema showing, by way of
example, the organization of a quality of life and symptom
measures set record for care of patients stored as part of a
patient care record in the database of the system of FIG. 21;
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0047 FIG. 24 is a record view showing, by way of
example, a set of partial cardiac patient care records stored in
the database of the system of FIG. 21;
0048 FIG. 25 is a Venn diagram showing, by way of
example, peer group overlap between the partial patient care
records of FIG. 24;

0049 FIGS. 26A-26B are flow diagrams showing a
method for providing normalized voice feedback from an
individual patient in an automated collection and analysis
patient care system in accordance with a further embodiment
of the present invention; and
0050 FIG. 27 is a block diagram showing a system for
providing direct normalized voice feedback from an indi
vidual patient in an automated collection and analysis patient
care system in accordance with a further embodiment of the
present invention.
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personal computer or digital data processor could be inter
faced to the implantable medical device 12, either directly or
via a telemetered signals transceiver configured to communi
cate with the implantable medical device 12.
0055. Using the programmer 14, a magnetized reed switch
(not shown) within the implantable medical device 12 closes
in response to the placement of a wand 13 over the location of
the implantable medical device 12. The programmer 14 com
municates with the implantable medical device 12 via RF
signals exchanged through the wand 13. Programming or
interrogating instructions are sent to the implantable medical
device 12 and die stored telemetered signals are downloaded
into the programmer 14. Once downloaded, the telemetered
signals are sent via an internetwork 15. Such as the Internet, to
a server system 16 which periodically receives and stores the
telemetered signals in a database 17, as further described
below with reference to FIG. 2.

DETAILED DESCRIPTION

0051 FIG. 1 is a block diagram showing a system 10 for
automated collection and analysis of patient information
retrieved from an implantable medical device for remote
patient care in accordance with the present invention. A
patient 11 is a recipient of an implantable medical device 12,
such as, by way of example, an IPG or a heart failure or event
monitor, with a set of leads extending into his or her heart. The
implantable medical device 12 includes circuitry for record
ing into a short-term, Volatile memory telemetered signals,
which are stored as a set of collected measures for later
retrieval.

0052 For an exemplary cardiac implantable medical
device, the telemetered signals non-exclusively present
patient information recorded on a perheartbeat, binned aver
age or derived basis and relating to: atrial electrical activity,
Ventricular electrical activity, minute ventilation, patient
activity Score, cardiac output score, mixed venous oxygen
ation score, cardiovascular pressure measures, time of day,
the number and types of interventions made, and the relative
Success of any interventions, plus the status of the batteries
and programmed settings. Examples of pacemakers Suitable
for use in the present invention include the Discovery line of
pacemakers, manufactured by Guidant Corporation, India
napolis, Ind. Examples of ICDs suitable for use in the present
invention include the Gem line of ICDs, manufactured by
Medtronic Corporation, Minneapolis, Minn.
0053. In the described embodiment, the patient 11 has a
cardiac implantable medical device. However, a wide range
of related implantable medical devices are used in other areas
of medicine and a growing number of these devices are also
capable of measuring and recording patient information for
later retrieval. These implantable medical devices include
monitoring and therapeutic devices for use in metabolism,
endocrinology, hematology, neurology, muscular disorders,
gastroenterology, urology, opthalmology, otolaryngology,
orthopedics, and similar medical Subspecialties. One skilled
in the art would readily recognize the applicability of the
present invention to these related implantable medical
devices.

0056. An example of a programmer 14 suitable for use in
the present invention is the Model 2901 Programmer
Recorder Monitor, manufactured by Guidant Corporation,
Indianapolis, Ind., which includes the capability to store
retrieved telemetered signals on a proprietary removable
floppy diskette. The telemetered signals could later be elec
tronically transferred using a personal computer or similar
processing device to the internetwork 15, as is known in the
art.

0057. Other alternate telemetered signals transfer means
could also be employed. For instance, the stored telemetered
signals could be retrieved from the implantable medical
device 12 and electronically transferred to the internetwork
15 using the combination of a remote external programmer
and analyzer and a remote telephonic communicator, Such as
described in U.S. Pat. No. 5,113,869, the disclosure of which

is incorporated herein by reference. Similarly, the stored tele
metered signals could be retrieved and remotely downloaded
to the server system 16 using a world-wide patient location
and data telemetry system, such as described in U.S. Pat. No.
5,752.976, the disclosure of which is incorporated herein by
reference.

0058. The received telemetered signals are analyzed by
the server system 16, which generates a patient status indica
tor. The feedback is then provided back to the patient 11
through a variety of means. By way of example, the feedback
can be sent as an electronic mail message generated automati
cally by the server system 16 for transmission over the inter
network 15. The electronic mail message is received by a
remote client 18, such as a personal computer (PC), situated
for local access by the patient 11. Alternatively, the feedback
can be sent through a telephone interface device 19 as an
automated Voice mail message to a telephone 21 or as an
automated facsimile message to a facsimile machine 22, both
also situated for local access by the patient 11. In addition to
a remote client 18, telephone 21, and facsimile machine 22,
feedback could be sent to other related devices, including a
network computer, wireless computer, personal data assis
tant, television, or digital data processor. Preferably, the feed
back is provided in a tiered fashion, as further described

0054. On a regular basis, the telemetered signals stored in
the implantable medical device 12 are retrieved. By way of
example, a programmer 14 can be used to retrieve the tele
metered signals. However, any form of programmer, interro
gator, recorder, monitor, or telemetered signals transceiver
Suitable for communicating with an implantable medical

below with reference to FIG. 3.

device 12 could be used, as is known in the art. In addition, a

In the described embodiment, the functionality of the server

0059 FIG. 2 is a block diagram showing the hardware
components of the server system 16 of the system 10 of FIG.
1. The server system 16 consists of three individual servers:
network server 31, database server 34, and application server
35. These servers are interconnected via an intranetwork33.
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system 16 is distributed among these three servers for effi
ciency and processing speed, although the functionality could
also be performed by a single server or cluster of servers. The
network server 31 is the primary interface of the server system
16 onto the internetwork 15. The network server 31 periodi
cally receives the collected telemetered signals sent by
remote implantable medical devices over the internetwork
15. The network server 31 is interfaced to the internetwork 15

through a router 32. To ensure reliable data exchange, the
network server 31 implements a TCP/IP protocol stack,
although other forms of network protocol stacks are Suitable.
0060. The database server 34 organizes the patient care
records in the database 17 and provides storage of and access
to information held in those records. A high volume of data in
the form of collected measures sets from individual patients is
received. The database server 34 frees the network server 31

from having to categorize and store the individual collected
measures sets in the appropriate patient care record.
0061 The application server 35 operates management
applications and performs data analysis of the patient care
records, as further described below with reference to FIG. 3.

The application server 35 communicates feedback to the indi
vidual patients either through electronic mail sent back over
the internetwork 15 via the network server 31 or as automated

Voice mail or facsimile messages through the telephone inter
face device 19.

0062. The server system 16 also includes a plurality of
individual workstations 36 (WS) interconnected to the
intranetwork 33, some of which can include peripheral
devices, such as a printer 37. The workstations 36 are for use
by the data management and programming staff, nursing
staff, office staff, and other consultants and authorized per
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hard drive capacity, and related hardware for interconnection
to the intranetwork33. Other types of server and workstation
systems, including personal computers, minicomputers,
mainframe computers, Supercomputers, parallel computers,
workstations, digital data processors and the like would be
equally suitable, as is known in the art.
0065. The telemetered signals are communicated over an
internetwork 15, such as the Internet. However, any type of
electronic communications link could be used, including an
intranetwork link, serial link, data telephone link, satellite
link, radio-frequency link, infrared link, fiber optic link,
coaxial cable link, television link, and tie like, as is known in
the art. Also, the network server 31 is interfaced to the inter

network 15 using a T-1 network router 32, such as manufac
tured by Cisco Systems, Inc., San Jose, Calif. However, any
type of interfacing device Suitable for interconnecting a
server to a network could be used, including a data modem,
cable modem, network interface, serial connection, data port,
hub, frame relay, digital PBX, and the like, as is known in the
art

0.066 FIG. 3 is a block diagram showing the software
modules of the server system 16 of the system 10 of FIG. 1.
Each module is a computer program written as source code in
a conventional programming language, Such as the C or Java
programming languages, and is presented for execution by
the CPU as object or byte code, as is known in the arts. The
various implementations of the Source code and object and
byte codes can be held on a computer-readable storage
medium or embodied on a transmission medium in a carrier

wave. There are three basic software modules, which func

tionally define the primary operations performed by the
server system 16: database module 51, analysis module 53,

Sonnel.

and feedback module 55. In the described embodiment, these

0063. The database 17 consists of a high-capacity storage
medium configured to store individual patient care records
and related health care information. Preferably, the database
17 is configured as a set of high-speed, high capacity hard
drives, such as organized into a Redundant Array of Inexpen
sive Disks (RAID) volume. However, any form of volatile
storage, non-volatile storage, removable storage, fixed stor
age, random access storage, sequential access storage, per
manent storage, erasable storage, and the like would be
equally suitable. The organization of the database 17 is fur

modules are executed in a distributed computing environ
ment, although a single server or a cluster of servers could
also perform the functionality of the modules. The module
functions are further described below in more detail begin
ning with reference to FIG. 7.
0067 For each patient being provided remote patient care,
the server system 16 periodically receives a collected mea

ther described below with reference to FIG. 3.

0064. The individual servers and workstations are general
purpose, programmed digital computing devices consisting
of a central processing unit (CPU), random access memory
(RAM), non-volatile secondary storage, such as a hard drive
or CD ROM drive, network interfaces, and peripheral
devices, including user interfacing means, such as a keyboard
and display. Program code, including software programs, and
data are loaded into the RAM for execution and processing by
the CPU and results are generated for display, output, trans
mittal, storage. In the described embodiment, the individual
servers are Intel Pentium-based server systems, such as avail
able from Dell Computers, Austin,Tex., or Compaq Comput
ers, Houston, Tex. Each system is preferably equipped with
128 MB RAM, 100 GB hard drive capacity, data backup
facilities, and related hardware for interconnection to the
intranetwork 33 and internetwork 15. In addition, the work

stations 36 are also Intel Pentium-based personal computer or
workstation systems, also available from Dell Computers,
Austin, Tex., or Compaq Computers, Houston, Tex. Each
workstation is preferably equipped with 64MB RAM, 10 GB

sures set 50 which is forwarded to the database module 51 for

processing. The database module 51 organizes the individual
patent care records stored in the database 52 and provides the
facilities for efficiently storing and accessing the collected
measures sets 50 and patient data maintained in those records.
An exemplary database schema for use in storing collected
measures sets 50 in a patient care record is described below,
by way of example, with reference to FIG. 5. The database
server 34 (shown in FIG. 2) performs the functionality of the
database module 51. Any type of database organization could
be utilized, including a flat file system, hierarchical database,
relational database, or distributed database, such as provided
by database vendors, such as Oracle Corporation, Redwood
Shores, Calif.

0068. The analysis module 53 analyzes the collected mea
sures sets 50 stored in the patient care records in the database
52. The analysis module 53 makes an automated determina
tion of patient wellness in the form of a patient status indicator
54. Collected measures sets 50 are periodically received from
implantable medical devices and maintained by the database
module 51 in the database 52. Through the use of this col
lected information, the analysis module 53 can continuously
follow the medical well being of a patient and can recognize
any trends in the collected information that might warrant
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medical intervention. The analysis module 53 compares indi
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care records for the individual patient and the care records for
a disease specific group of patients or the patient population in
general. The analytic operations performed by the analysis

0072 The derivation module 63 determines derived mea
Sures sets 64 on an as-needed basis in response to requests
from the comparison module 62. The derived measures 64 are
determined by performing linear and non-linear mathemati
cal operations on selected peer measures 60 and sibling mea

module 53 are further described below with reference to FIG.

Sures 61, as is known in the art.

4. The application server 35 (shown in FIG. 2) performs the
functionality of the analysis module 53.
0069. The feedback module 55 provides automated feed
back to the individual patient based, in part, on the patient

0073 FIG. 5 is a database schema showing, by way of
example, the organization of a cardiac patient care record
stored 70 in the database 17 of the system 10 of FIG.1. Only
the information pertaining to collected measures sets are
shown. Each patient care record would also contain normal
identifying and treatment profile information, as well as
medical history and other pertinent data (not shown). Each
patient care record stores a multitude of collected measures
sets for an individual patient. Each individual set represents a
recorded Snapshot of telemetered signals data which was
recorded, for instance, per heartbeat or binned average basis
by the implantable medical device 12. For example, for a
cardiac patient, the following information would be recorded
as a collected measures set: atrial electrical activity 71, ven
tricular electrical activity 72, time of day 73, activity level 74,
cardiac output 75, oxygen level 76, cardiovascular pressure
measures 77, pulmonary measures 78, interventions made by
the implantable medical device 78, and the relative success of
any interventions made 80. In addition, the implantable medi
cal device 12 would also communicate device specific infor
mation, including battery status 81 and program settings 82.
Other types of collected measures are possible. In addition, a

vidual measures and derived measures obtained from both the

status indicator 54. As described above, the feedback could be

by electronic mail or by automated voice mail or facsimile.
Preferably, the feedback is provided in a tiered manner. In the
described embodiment, four levels of automated feedback are

provided. At a first level, an interpretation of the patient status
indicator 54 is provided. At a second level, a notification of
potential medical concern based on the patient status indica
tor 54 is provided. This feedback level could also be coupled
with human contact by specially trained technicians or medi
cal personnel. At a third level, the notification of potential
medical concernis forwarded to medical practitioners located
in the patient's geographic area. Finally, at a fourth level, a set
of reprogramming instructions based on the patient status
indicator 54 could be transmitted directly to the implantable
medical device to modify the programming instructions con
tained therein. As is customary in the medical arts, the basic
tiered feedback scheme would be modified in the event of

bona fide medical emergency. The application server 35
(shown in FIG. 2) performs the functionality of the feedback

well-documented set of derived measures can be determined

module 55.

based on the collected measures, as is known in the art.

0070 FIG. 4 is a block diagram showing the analysis
module 53 of the server system 16 of FIG. 3. The analysis
module 53 contains two functional submodules: comparison
module 62 and derivation module 63. The purpose of the
comparison module 62 is to compare two or more individual
measures, either collected or derived. The purpose of the

0074 FIG. 6 is a record view showing, by way of example,
a set of partial cardiac patient care records stored in the
database 17 of the system 10 of FIG. 1. Three patient care

derivation module 63 is to determine a derived measure based

on one or more collected measures which is then used by the
comparison module 62. For instance, a new and improved
indicator of impending heart failure could be derived based
on the exemplary cardiac collected measures set described
with reference to FIG. 5. The analysis module 53 can operate
either in a batch mode of operation wherein patient status
indicators are generated for a set of individual patients or in a
dynamic mode wherein a patient status indicator is generated
on the fly for an individual patient.
0071. The comparison module 62 receives as inputs from
the database 17 two input sets functionally defined as peer
collected measures sets 60 and sibling collected measures
sets 61, although in practice, the collected measures sets are
stored on a per sampling basis. Peer collected measures sets
60 contain individual collected measures sets that all relate to

the same type of patient information, for instance, atrial elec
trical activity, but which have been periodically collected over
time. Sibling collected measures sets 61 contain individual
collected measures sets that relate to different types of patient
information, but which may have been collected at the same
time or different times. In practice, the collected measures
sets are not separately stored as "peer and “sibling mea
Sures. Rather, each individual patient care record stores mul
tiple sets of sibling collected measures. The distinction
between peer collected measures sets 60 and sibling collected
measures sets 61 is further described below with reference to
FIG. 6.

records are shown for Patient 1, Patient 2, and Patient 3. For

each patent, three sets of measures are shown, X, Y, and Z. The
measures are organized into sets with Set 0 representing
sibling measures made at a reference time 10. Similarly, Set
n-2, Set n-1 and Set in each represent sibling measures made
at later reference times t-n-2, t-n-1 and t=n, respectively.
0075 For a given patient, for instance, Patient 1, all mea
Sures representing the same type of patient information, Such
as measure X, are peer measures. These are measures, which
are monitored over time in a disease-matched peer group. All
measures representing different types of patient information,
Such as measures X,Y, and Z, are sibling measures. These are
measures which are also measured overtime, but which might
have medically significant meaning when compared to each
other within a single set. Each of the measures, X, Y, and Z.
could be either collected or derived measures.

(0076. The analysis module 53 (shown in FIG. 4) performs
two basic forms of comparison. First, individual measures for
a given patient can be compared to other individual measures
for that same patient. These comparisons might be peer-to
peer measures projected over time, for instance, X, X
X. . . . Xo, or sibling-to-sibling measures for a single
Snapshot, for instance, X, Y, and Z, or projected over time,
for instance, X, Y, Z X-1.Y., Z-1, X-2, Y-2, Z-2. . . .
X, Y, Z. Second, individual measures for a given patient
can be compared to other individual measures for a group of
other patients sharing the same disease-specific characteris
tics or to the patient population in general. Again, these com
parisons might be peer-to-peer measures projected over time,
for instance, X, X, X, X-1, X-1, X-1, X-2, X-2,
X-2. . . . Xo, Xo, Xo, or comparing the individual patient's
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measures to an average from the group. Similarly, these com
parisons might be sibling-to-sibling measures for single Snap
shots, for instance, X, X, X, Y.Y.Y., and Z.Z., Zn,
or projected over time, for instance, X, X, X, Y.Y.Y.,
Z, Z, , Z, , X-1, X-1, X-1, Y,-1, Y1, Y-1's Z-1, Z-1,
Z-1, X-2, X-2, X-2", Y-2Y, -2, Y,-2's Z-2, Z, -2, Z-2" . . .
Xo, Xo, Xo, Yo Yo Yo, and Zo. Zo. Zo. Other forms of
comparisons are feasible.
0077 FIG. 7 is a flow diagram showing a method 90 for
automated collection and analysis of patient information
retrieved from an implantable medical device 12 for remote
patient care in accordance with the present invention. The
method 90 is implemented as a conventional computer pro
gram for execution by the server system 16 (shown in FIG. 1).
As a preparatory step, the patient care records are organized in
the database 17 with a unique patient care record assigned to
each individual patient (block 91). Next, the collected mea
sures sets for an individual patient are retrieved from the
implantable medical device 12 (block 92) using a program
mer, interrogator, telemetered signals transceiver, and the
like. The retrieved collected measures sets are sent, on a

substantially regular basis, over the internetwork 15 or similar
communications link (block 93) and periodically received by
the server system 16 (block 94). The collected measures sets
are stored into the patient care record in the database 17 for
that individual patient (block 95). One or more of the col
lected measures sets for that patient are analyzed (block 96),
as further described below with reference to FIG.8. Finally,
feedback based on the analysis is sent to that patient over the
internetwork 15 as an email message, via telephone line as an
automated Voice mail or facsimile message, or by similar
feedback communications link (block 97), as further
described below with reference to FIG. 11.

0078 FIG. 8 is a flow diagram showing the routine for
analyzing collected measures sets 96 for use in the method of
FIG. 7. The purpose of this routine is to make a determination
of general patient wellness based on comparisons and heu
ristic trends analyses of the measures, both collected and
derived, in the patient care records in the database 17. A first
collected measures set is selected from a patient care recordin
the database 17 (block 100). If the measures comparison is to
be made to other measures originating from the patient care
record for the same individual patient (block 101), a second
collected measures set is selected from that patient care
record (block 102). Otherwise, a group measures comparison
is being made (block 101) and a second collected measures
set is selected from another patient care record in the database
17 (block 103). Note the second collected measures set could
also contain averaged measures for a group of disease specific
patients or for the patient population in general.
0079 Next, if a sibling measures comparison is to be made
(block 104), a routine for comparing sibling collected mea
sures sets is performed (block 105), as further described
below with reference to FIG. 9. Similarly, if a peer measures
comparison is to be made (block 106), a routine for compar
ing sibling collected measures sets is performed (block 107),
as further described below with reference to FIGS. 10A and
1OB.

0080 Finally, a patient status indicator is generated (block
108). By way of example, cardiac output could ordinarily be
approximately 5.0 liters per minute with a standard deviation
of til.0. An actionable medical phenomenon could occur
when the cardiac output of a patient is +3.0-4.0 standard
deviations out of the norm. A comparison of the cardiac
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output measures 75 (shown in FIG. 5) for an individual
patient against previous cardiac output measures 75 would
establish the presence of any type of downward health trend
as to the particular patient. A comparison of the cardiac output
measures 75 of the particular patient to the cardiac output
measures 75 of a group of patients would establish whether
the patient is trending out of the norm. From this type of
analysis, the analysis module 53 generates a patient status
indicator 54 and other metrics of patient wellness, as is known
in the art.

I0081 FIG. 9 is a flow diagram showing the routine for
comparing sibling collected measures sets 105 for use in the
routine of FIG.8. Sibling measures originate from the patient
care records for an individual patient. The purpose of this
routine is either to compare sibling derived measures to sib
ling derived measures (blocks 111-113) or sibling collected
measures to sibling collected measures (blocks 115-117).
Thus, if derived measures are being compared (block 110),
measures are selected from each collected measures set

(block 111). First and second derived measures are derived
from the selected measures (block 112) using the derivation
module 63 (shown in FIG. 4). The first and second derived
measures are then compared (block 113) using the compari
son module 62 (also shown in FIG. 4). The steps of selecting,
determining, and comparing (blocks 111-113) are repeated
until no further comparisons are required (block 114), where
upon the routine returns.
I0082 If collected measures are being compared (block
110), measures are selected from each collected measures set
(block 115). The first and second collected measures are then
compared (block 116) using the comparison module 62 (also
shown in FIG. 4). The steps of selecting and comparing
(blocks 115-116) are repeated until no further comparisons
are required (block 117), whereupon the routine returns.
I0083 FIGS. 10A and 10B area flow diagram showing the
routine for comparing peer collected measures sets 107 for
use in the routine of FIG. 8. Peer measures originate from
patient care records for different patients, including groups of
disease specific patients or the patient population in general.
The purpose of this routine is to compare peer derived mea
sures to peer derived measures (blocks 122-125), peer derived
measures to peer collected measures (blocks 126-129), peer
collected measures to peer derived measures (block 131
134), or peer collected measures to peer collected measures
(blocks 135-137). Thus, if the first measure being compared is
a derived measure (block 120) and the second measure being
compared is also a derived measure (block 121), measures are
selected from each collected measures set (block 122). First
and second derived measures are derived from the selected

measures (block 123) using the derivation module 63 (shown
in FIG. 4). The first and second derived measures are then
compared (block 124) using the comparison module 62 (also
shown in FIG. 4). The steps of selecting, determining, and
comparing (blocks 122-124) are repeated until no further
comparisons are required (block 115), whereupon the routine
returns.

I0084. If the first measure being compared is a derived
measure (block 120) but the second measure being compared
is a collected measure (block 121), a first measure is selected
from the first collected measures set (block 126). A first
derived measure is derived from the first selected measure

(block 127) using the derivation module 63 (shown in FIG. 4).
The first derived and second collected measures are then

compared (block 128) using the comparison module 62 (also
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shown in FIG. 4). The steps of selecting, determining, and
comparing (blocks 126-128) are repeated until no further
comparisons are required (block 129), whereupon the routine
returns.

0085. If the first measure being compared is a collected
measure (block 120) but the second measure being compared
is a derived measure (block 130), a second measure is selected
from the second collected measures set (block 131). A second
derived measure is derived from the second selected measure
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standard, off-the-shelf components commonly included with
consumer personal computer systems, as is known in the art.
I0089. The system 200 continuously monitors and collects
sets of device measures from the implantable medical device
12. To augment the on-going monitoring process with a
patient's self-assessment of physical and emotional well-be
ing, a quality of life measures set can be recorded by the
remote client 18 Importantly, each quality of life measures set
is recorded Substantially contemporaneous to the collection

(block 132) using the derivation module 63 (shown in FIG. 4).

of an identified collected device measures set. The date and

The first collected and second derived measures are then

time of day at which the quality of life measures set was
recorded can be used to correlate the quality of life measures

compared (block 133) using the comparison module 62 (also
shown in FIG. 4). The steps of selecting, determining, and
comparing (blocks 131-133) are repeated until no further
comparisons are required (block 134), whereupon the routine
returns.

I0086. If the first measure being compared is a collected
measure (block 120) and the second measure being compared
is also a collected measure (block 130), measures are selected
from each collected measures set (block 135). The first and
second collected measures are then compared (block 136)
using the comparison module 62 (also shown in FIG. 4). The
steps of selecting and comparing (blocks 135-136) are
repeated until no further comparisons are required (block
137), whereupon the routine returns.
0087 FIG. 11 is a flow diagram showing the routine for
providing feedback 97 for use in the method of FIG. 7. The
purpose of this routine is to provide tiered feedback based on
the patient status indicator. Four levels of feedback are pro
vided with increasing levels of patient involvement and medi
cal care intervention. At a first level (block 150), an interpre
tation of the patient status indicator 54, preferably phrased in
lay terminology, and related health care information is sent to
the individual patient (block 151) using the feedback module
55 (shown in FIG.3). At a second level (block 152), a notifi
cation of potential medical concern, based on the analysis and
heuristic trends analysis, is sent to the individual patient
(block 153) using the feedback module 55. At a third level
(block 154), the notification of potential medical concern is
forwarded to the physician responsible for the individual
patient or similar health care professionals (block 155) using
the feedback module 55. Finally, at a fourth level (block 156),
reprogramming instructions are sent to the implantable medi
cal device 12 (block 157) using the feedback module 55.
0088 FIG. 12 is a block diagram showing a system 200 for
providing normalized voice feedback from an individual
patient 11 in an automated collection and analysis patient care
system, such as the system 10 of FIG.1. The remote client 18
includes a microphone 201 and a speaker 202 which is inter
faced internally within the remote client 18 to sound recor
dation and reproduction hardware. The patient II provides
spoken feedback into the microphone 201 in response to
voice prompts reproduced by the remote client 18 on the
speaker 202, as further described below with reference to
FIG. 13. The raw spoken feedback is processed into a nor
malized set of quality of life measures which each relate to
uniform self-assessment indicators, as further described

below with reference to FIG. 15. Alternatively, in a further
embodiment of the system 200, the patient 11 can provide
spoken feedback via a telephone network 203 using a stan
dard telephone 203, including a conventional wired telephone
ora wireless telephone, such as a cellular telephone, as further
described below with reference to FIG. 20. In the described

embodiment, the microphone 201 and the speaker 202 are

set to the collected device measures set recorded closest in

time to the quality of life measures set. The pairing of the
quality of life measures set and an identified collected device
measures set provides medical practitioners with a more com
plete picture of the patient's medical status by combining
physiological "hard' machine-recorded data with semi-quan
titative “soft patient-provided data.
0090 FIG. 13 is a block diagram showing the software
modules of the remote client 18 of the system 200 of FIG. 12.
As with the software modules of the system 10 of FIG. 1, each
module here is also a computer program written as Source
code in a conventional programming language. Such as the C
or Java programming languages, and is presented for execu
tion by the CPU as object or byte code, as is known in the arts.
There are two basic software modules, which functionally
define the primary operations performed by the remote client
18 in providing normalized voice feedback: audio prompter
210 and speech engine 214. The remote client 18 includes a
secondary storage 219, such as a hard drive, a CD ROM
player, and the like, within which is stored data used by the
Software modules. Conceptually, the Voice reproduction and
recognition functions performed by the audio prompter 210
and speech engine 214 can be described separately, but those
same functions could also be performed by a single Voice
processing module, as is known in the art.
0091. The audio prompter 210 generates voice prompts
226 which are played back to the patient 11 on the speaker
202. Each voice prompt is in the form of a question or phrase
seeking to develop a self-assessment of the patient's physical
and emotional well being. For example, the patient 11 might
be prompted with, “Are you short of breath? The voice
prompts 226 are either from a written script 220 reproduced
by speech synthesizer 211 or pre-recorded speech 221 played
back by playback module 212. The written script 220 is stored
within the secondary storage 219 and consists of written
quality of life measure requests. Similarly, the pre-recorded
speech 221 is also stored within the secondary storage 219
and consists of sound “bites” of recorded quality of life mea
Sure requests in either analog or digital format.
0092. The speech engine 214 receives voice responses 227
spoken by the patient 11 into the microphone 201. The voice
responses 227 can be unstructured, natural language phrases
and sentences. A Voice grammar 222 provides a lexical struc
turing for use in determining the meaning of each spoken
voice response 227. The voice grammar 222 allows the
speech engine 214 to “normalize' the voice responses 227
into recognized quality of life measures 228. Individual spo
ken words in each Voice response 227 are recognized by a
speech recognition module 215 and translated into written
words. In turn, the written words are parsed into tokens by a
parser 216. A lexical analyzer 217 analyzes the tokens as
complete phrases in accordance with a voice grammar 222

US 2009/0069867 A1

stored within the secondary storage 219. Finally, if necessary,
the individual words are normalized to uniform terms by a
lookup module 218 which retrieves synonyms maintained as
a vocabulary 223 stored within the secondary storage 218. For
example, in response to the query, “Are you short of breath?’
a patient might reply, “I can hardly breath.” “I am panting.” or
“I am breathless.” The speech recognition module 215 would
interpret these phrases to imply dyspnea with a corresponding
quality of life measure indicating an awareness by the patient
of abnormal breathing. In the described embodiment, the
Voice reproduction and recognition functions can be per
formed by the various natural Voice software programs
licensed by Dragon Systems, Inc., Newton, Mass. Alterna
tively, the written script 220, voice grammar 222, and vocabu
lary 223 could be expressed as a script written in a Voice page
markup language for interpretation by a Voice browser oper
ating on the remote client 18. Two exemplary voice page
description languages include the VoxML markup language,
licensed by Motorola, Inc., Chicago, Ill., and described at
http://www.voxml.com, and the Voice eXtensible Markup
Language (VXML), currently being jointly developed by
AT&T, Motorola, Lucent Technologies, and IBM, and
described at http://www.vxmlforum.com. The module func
tions are further described below in more detail beginning
with reference to FIGS. 16A-16B.

0093 FIG. 14 is a block diagram showing the software
modules of the server system 16 of the system 200 of FIG. 12.
The database module 51, previously described above with
reference to FIG. 3, also receives the collected quality of life
measures set 228 from the remote client 18, which the data

base module 51 stores into the appropriate patient care record
in the database 52. The date and time of day 236 (shown in
FIG. 15) of the quality of life measures set 228 is matched to
the date and time of day 73 (shown in FIG. 5) of the collected
measures set 50 recorded closest in time to the quality of life
measures set 228. The matching collected measures set 50 is
identified in the patient care record and can be analyzed with
the quality of life measures set 228 by the analysis module 53,
such as described above with reference to FIG. 8.

0094 FIG. 15 is a database schema showing, by way of
example, the organization of a quality of life record 230 for
cardiac patient care stored as part of a patient care record in
the database 17 of the system 200 of FIG. 12. A quality of life
score is a semi-quantitative self-assessment of an individual
patient's physical and emotional well being. Non-commer
cial, non-proprietary standardized automated quality of life
scoring systems are readily available, such as provided by the
Duke Activities Status Indicator. For example, for a cardiac
patient, the quality of life record 230 stores the following
information: health wellness 231, shortness of breath 232,

energy level 233, chest discomfort 235, time of day 234, and
other quality of life measures as would be known to one
skilled in the art. Other types of quality of life measures are
possible.
0095. A quality of life indicator is a vehicle through which
a patient can remotely communicate to the patient care sys
tem how he or she is subjectively feeling. The quality of life
indicators can include symptoms of disease. When tied to
machine-recorded physiological measures, a quality of life
indicator can provide valuable additional information to
medical practitioners and the automated collection and analy
sis patient care system 200 not otherwise discernible without
having the patient physically present. For instance, a scoring
system using a scale of 1.0 to 10.0 could be used with 10.0
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indicating normal wellness and 1.0 indicating severe health
problems. Upon the completion of an initial observation
period, a patient might indicate a health wellness score 231 of
5.0 and a cardiac output score of 5.0. After one month of
remote patient care, the patient might then indicate a health
wellness score 231 of 4.0 and a cardiac output score of 4.0 and
a week later indicate a health wellness score 231 of 3.5 and a

cardiac output score of 3.5. Based on a comparison of the
health wellness scores 231 and the cardiac output scores, the
system 200 would identify a trend indicating the necessity of
potential medical intervention while a comparison of the
cardiac output scores alone might not lead to the same prog
OS1S.

0096 FIGS. 16A-16B are flow diagrams showing a
method 239 for providing normalized voice feedback from an
individual patient 11 in an automated collection and analysis
patient care system 200. As with the method 90 of FIG. 7, this
method is also implemented as a conventional computer pro
gram and performs the same set of steps as described with
reference to FIG. 7 with the following additional functional
ity. First, voice feedback spoken by the patient 11 into the
remote client 18 is processed into a quality of life measures
set 228 (block 240), as further described below with reference
to FIG. 17. The voice feedback is spoken substantially con
temporaneous to the collection of an identified device mea
sures set 50. The appropriate collected device measures set 50
can be matched to and identified with (not shown) the quality
of life measures set 228 either by matching their respective
dates and times of day or by similar means, either by the
remote client 18 or the server system 16. The quality of life
measures set 228 and the identified collected measures set 50

are sent over the internetwork 15 to the server system 16
(block 241). Note the quality of life measures set 228 and the
identified collected measures set 50 both need not be sent over

the internetwork 15 at the same time, so long as the two sets
are ultimately paired based on, for example, date and time of
day. The quality of life measures set 228 and the identified
collected measures set 50 are received by the server system 16
(block 242) and stored in the appropriate patient care record
in the database 52 (block 243). Finally, the quality of life
measures set 228, identified collected measures set 50, and

one or more collected measures sets 50 are analyzed (block
244) and feedback, including a patient status indicator 54
(shown in FIG. 14), is provided to the patient (block 245).
(0097 FIG. 17 is a flow diagram showing the routine for
processing voice feedback 240 for use in the method of FIGS.
16A-16B. The purpose of this routine is to facilitate a voice
interactive session with the patient 11 during which is devel
oped a normalized set of quality of life measures. Thus, the
remote client 18 requests a quality of life measure via a Voice
prompt (block 250), played on the speaker 202 (shown in
FIG. 13), as further described below with reference to FIG.
18. The remote client 18 receives the spoken feedback from
the patient 11 (block 251) via the microphone 201 (shown in
FIG. 13). The remote client 18 recognizes individual words in
the spoken feedback and translates those words into written
words (block 252), as further described below with reference
to FIG. 19. The routine returns at the end of the voice inter
active session.

0.098 FIG. 18 is a flow diagram showing the routine for
requesting a quality of life measure 251 for use in the routine
240 of FIG. 17. The purpose of this routine is to present a
voice prompt 226 to the user via the speaker 202. Either
pre-recorded speech 221 or speech synthesized from a written
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script 220 can be used. Thus, if synthesized speech is
employed by the remote client 18 (block 260), a written
Script, Such as a Voice markup language Script, specifying
questions and phrases which with to request quality of life
measures is stored (block 261) on the secondary storage 219
of the remote client 18. Each written quality of life measure
request is retrieved by the remote client 18 (block 262) and
synthesized into speech for playback to the patient 11 (block
263). Alternatively, if pre-recorded speech is employed by the
remote client 18 (block 260), pre-recorded voice “bites' are
stored (block 264) on the secondary storage 219 of the remote
client 18. Each pre-recorded quality of life measure request is
retrieved by the remote client 18 (block 265) and played back
to the patient 11 (block 266). The routine then returns.
0099 FIG. 19 is a flow diagram showing the routine for
recognizing and translating individual spoken words 252 for
use in the routine 240 of FIG. 17. The purpose of this routine
is to receive and interpreta free-form voice response 227 from
the user via the microphone 201. First, a voice grammar
consisting of a lexical structuring of words, phrases, and
sentences is stored (block 270) on the secondary storage 219
of the remote client 18. Similarly, a vocabulary of individual
words and their commonly accepted synonyms is stored
(block 271) on the secondary storage 219 of the remote client
18. After individual words in the voice feedback are recog
nized (block 272), the individual words are parsed into tokens
(block 273). The voice feedback is then lexically analyzed
using the tokens and in accordance with the Voice grammar
222 (block 274) to determine the meaning of the voice feed
back. If necessary, the vocabulary 223 is referenced to lookup
synonyms of the individual words (block 275). The routine
then returns.

0100 FIG. 20 is a block diagram showing the software
modules of the server system in a further embodiment of the
system 200 of FIG. 12. The functionality of the remote client
18 in providing normalized voice feedback is incorporated
directly into the server system 16. The system 200 of FIG. 12
requires the patient 11 to provide spoken feedback via a
locally situated remote client 18. However, the system 280
enables a patient 11 to alternatively provide spoken feedback
via a telephone network 203 using a standard telephone 203,
including a conventional wired telephone or a wireless tele
phone, such as a cellular telephone. The server system 16 is
augmented to include the audio prompter 210, the speech
engine 214, and the data stored in the secondary storage 219.
A telephonic interface 280 interfaces the server system 16 to
the telephone network 203 and receives voice responses 227
and sends Voice prompts 226 to and from the server system
16. Telephonic interfacing devices are commonly known in
the art.

0101 FIG. 21 is a block diagram showing a system for
providing normalized voice feedback from an individual
patient in an automated collection and analysis patient care
system 300 in accordance with a further embodiment of the
present invention. The system 300 provides remote patient
care in a manner similar to the system 200 of FIG. 12, but with
additional functionality for diagnosing and monitoring mul
tiple sites within a patient's body using a variety of patient
sensors for diagnosing one or more disorder. The patient 301
can be the recipient of an implantable medical device 302, as
described above, or have an external medical device 303

attached. Such as a Holter monitor-like device for monitoring
electrocardiograms. In addition, one or more sites in or
around the patient's body can be monitored using multiple

Mar. 12, 2009

sensors 304a,304b, such as described in U.S. Pat. Nos. 4,987,
897; 5,040,536; 5,113,859; and 5,987,352, the disclosures of

which are incorporated herein by reference. One automated
system and method for collecting and analyzing retrieved
patient information suitable for use with the present invention
is described in the related, commonly-owned U.S. Pat. No.
6,270,457, issued Aug. 7, 2001, the disclosure of which is
incorporated herein by reference. Other types of devices with
physiological measure sensors, both heterogeneous and
homogenous, could be used, either within the same device or
working in conjunction with each other, as is known in the art.
0102. As part of the system 300, the database 17 stores
patient care records 305 for each individual patient to whom
remote patient care is being provided. Each patient care
record 305 contains normal patient identification and treat
ment profile information, as well as medical history, medica
tions taken, height and weight, and other pertinent data (not
shown). The patient care records 305 consist primarily of
monitoring sets 306 storing device and derived measures
(D&DM) sets 307 and quality of life and symptom measures
(QOLM) sets 308 recorded and determined thereafter on a
regular, continuous basis. The organization of the device and
derived measures sets 305 for an exemplary cardiac patient
care record is described above with reference to FIG. 5. The

organization of the quality of life and symptom measures sets
308 is further described below with reference to FIG. 23.

0103 Optionally, the patient care records 305 can further
include a reference baseline 309 storing a special set of device
and derived reference measures sets 310 and quality of life
and symptom measures sets 311 recorded and determined
during an initial observation period, such as described in the
related, commonly-owned U.S. Pat. No. 6,280,380, issued
Aug. 28, 2001, the disclosure of which is incorporated herein
by reference. Other forms of database organization are fea
sible.

0104 Finally, simultaneous notifications can also be
delivered to the patient's physician, hospital, or emergency
medical services provider 312 using feedback means similar
to that used to notify the patient. As described above, the
feedback could be by electronic mail or by automated voice
mail or facsimile. Furthermore, the spoken voice feedback
from the patient and the feedback provided by the system 200
can be communicated by means of or in combination with the
medical device itself, whether implantable, external or other
W1S.

0105 FIG. 22 is a block diagram showing the analysis
module 53 of the server system 16 of FIG. 21. The peer
collected measures sets 60 and sibling collected measures
sets 61 can be organized into site specific groupings based on
the sensor from which they originate, that is, implantable
medical device 302, external medical device 303, or multiple
sensors 304a, 304b. The functionality of the analysis module
53 is augmented to iterate through a plurality of site specific
measures sets 315 and one or more disorders.

0106. As described above, as an adjunct to remote patient
care through the monitoring of measured physiological data
via implantable medical device 302, external medical device
303 and multiple sensors 304a, 304b, quality of life and
symptom measures sets 308 can also be stored in the database
17 as part of the monitoring sets 306. A quality of life measure
is a semi-quantitative self-assessment of an individual
patient's physical and emotional well-being and a record of
symptoms, such as provided by the Duke Activities. Status
Indicator. These scoring systems can be provided for use by
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the patient 11 on the personal computer 18 (shown in FIG. 1)
to record his or her quality of life scores for both initial and
periodic download to the server system 16.
0107 FIG. 23 is a database schema which augments the
database schema described above with reference to FIG. 15

and showing, by way of example, the organization of a quality
of life and symptom measures set record 320 for care of
patients stored as part of a patient care record 305 in the
database 17 of the system 300 of FIG. 21. The following
exemplary information is recorded for a patient: overall
health wellness 321, psychological state 322, chest discom
fort 323, location of chest discomfort 324, palpitations 325,
shortness of breath 326, exercise tolerance 327, cough 328,
sputum production 329, sputum color 330, energy level 331,
syncope 332, near syncope 333, nausea 334, diaphoresis 335,
time of day 91, and other quality of life and symptom mea
sures as would be known to one skilled in the art.

0108. Other types of quality of life and symptom measures
are possible, such as those indicated by responses to the
Minnesota Living with Heart Failure Questionnaire
described in E. Braunwald, ed., “Heart Disease—A Textbook

of Cardiovascular Medicine. pp. 452-454, W.B. Saunders
Co. (1997), the disclosure of which is incorporated herein by
reference. Similarly, functional classifications based on the
relationship between symptoms and the amount of effort
required to provoke them can serve as quality of life and
symptom measures, such as the New York Heart Association
(NYHA) classifications I, II, III and IV, also described in Ibid.
0109 The patient may also add non-device quantitative
measures, such as the six-minute walk distance, as comple
mentary data to the device and derived measures sets 307 and
the symptoms during the six-minute walk to quality of life
and symptom measures sets 308.
0110 FIG. 24 is a record view showing, by way of
example, a set of partial cardiac patient care records stored in
the database 17 of the system 300 of FIG. 21. Three patient
care records are again shown for Patient 1, Patient 2 and
Patient 3 with each of these records containing site specific
measures sets 315, grouped as follows. First, the patient care
record for Patient 1 includes three site specific measures sets
A, B and C, corresponding to three sites on Patient 1's body.
Similarly, the patient care record for Patient 2 includes two
site specific measures sets A and B, corresponding to two
sites, both of which are in the same relative positions on
Patient 2's body as the sites for Patient 1. Finally, the patient
care record for Patient 3 includes two site specific measures
sets A and D, also corresponding to two medical device sen
sors, only one of which, Site A, is in the same relative position
as Site A for Patient 1 and Patient 2.

0111. The analysis module 53 (shown in FIG. 22) per
forms two further forms of comparison in addition to com
paring the individual measures for a given patient to other
individual measures for that same patient or to other indi
vidual measures for a group of other patients sharing the same
disease-specific characteristics or to the patient population in
general. First, the individual measures corresponding to each
body site for an individual patient can be compared to other
individual measures for that same patient, a peer group or a
general patient population. Again, these comparisons might
be peer-to-peer measures projected over time, for instance,
comparing measures for each site, A, Band C, for Patient 1,

X, X, X, X-1, X-1, X-1." X-2, X-2, X-2", . . .
Xor Xo Xor X, X, X," X-1, X-1, X-1." X-2,
X-2'- X-2 R

Xo Xo, Xo", X, X,

n's X-1 X-1'-

X-1, Cs X-2 Cs X-2 Cs X-2. C. - - - Xo Cs Xo Cs Xo, C'.comparing

comparable measures for Site A for the three patients, X,
Xo Xo, or comparing the individual patient's measures to

X, X," X-1 X- X-1, X-2. X-2. X-2'4 - - - Xo

an average from the group. Similarly, these comparisons
might be sibling-to-sibling measures for single Snapshots, for
instance, comparing comparable measures for Site A for the

three patients, X, X, X, Y, Y, Y, and Z, Z,
Z, or comparing those same comparable measures for Site
A projected over time, for instance, X, X, X, Y, Y
YZZZX
n"
n-1 XXXYYY
n-1's n-1":
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Z-1 Z-1, Z,-1": X-2. X-2. X-2" Y-2. Y-2 Y-2",
Z-2 Z-2 Z-2", . . . Xor Xo Xo"YoYo Yo" and Zo
ZoZo. Other forms of site-specific comparisons, including
A.

A.

A.
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comparisons between individual measures from non-compa
rable sites between patients, are feasible.
0112 Second, the individual measures can be compared
ona disorder specific basis. The individual measures stored in
each cardiac patient record can be logically grouped into
measures relating to specific disorders and diseases, for
instance, congestive heart failure, myocardial infarction, res
piratory distress, and atrial fibrillation. The foregoing com
parison operations performed by the analysis module 53 are
further described below with reference to FIGS. 26A-26B.

0113 FIG. 25 is a Venn diagram showing, by way of
example, peer group overlap between the partial patient care
records 305 of FIG. 24. Each patient care record 305 includes
characteristics data 350, 351, 352, including personal traits,
demographics, medical history, and related personal data, for
patients 1, 2 and 3, respectively. For example, the character
istics data 350 for patient 1 might include personal traits
which include gender and age, such as male and an age
between 40-45; a demographic of resident of New York City;
and a medical history consisting of anterior myocardial
infraction, congestive heart failure and diabetes. Similarly,
the characteristics data 351 for patient 2 might include iden
tical personal traits, thereby resulting in partial overlap 353 of
characteristics data 350 and 351. Similar characteristics over

lap 354, 355, 356 can exist between each respective patient.
The overall patient population 357 would include the uni
verse of all characteristics data. As the monitoring population
grows, the number of patients with personal traits matching
those of the monitored patient will grow, increasing the value
of peer group referencing. Large peer groups, well matched
across all monitored measures, will result in a well known

natural history of disease and will allow for more accurate
prediction of the clinical course of the patient being moni
tored. If the population of patients is relatively small, only
some traits 356 will be uniformly present in any particular
peer group. Eventually, peer groups, for instance, composed
of 100 or more patients each, would evolve under conditions
in which there would be complete overlap of substantially all
salient data, thereby forming a powerful core reference group
for any new patient being monitored.
0114 FIGS. 26A-26B are flow diagrams showing a
method for providing normalized voice feedback from an
individual patient in an automated collection and analysis
patient care system 360 in accordance with a further embodi
ment of the present invention. As with the method 239 of
FIGS. 16A and 16B, this method is also implemented as a
conventional computer program and performs the same set of
steps as described with reference to FIGS. 16A and 16B with
the following additional functionality. As before, the patient
care records are organized in the database 17 with a unique
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patient care record assigned to each individual patient (block
361). Next, the individual measures for each site are itera
tively obtained in a first processing loop (blocks 362-367) and
each disorder is iteratively analyzed in a second processing
loop (blocks 368-370). Other forms of flow control are fea
sible, including recursive processing.
0115. During each iteration of the first processing loop
(blocks 362-367), the collected measures sets for an indi
vidual patient are retrieved from the medical device or sensor
located at the current site (block 363) using a programmer,
interrogator, telemetered signals transceiver, and the like. The
retrieved collected measures sets are sent, on a Substantially
regular basis, over the internetwork 15 or similar communi
cations link (block 364) and periodically received by the
server system 16 (block365). The collected measures sets are
stored into the patient care record 305 in die database 17 for
that individual patient (block 366). Any voice feedback spo
ken by the patient II into the remote client 18 is processed into
a quality of life measures set 228 (block 240), as described
above with reference to FIG. 17. The voice feedback is spo
ken Substantially contemporaneous to the collection of an
identified device measures set 50. The appropriate collected
device measures set 50 can be matched to and identified with

(not shown) the quality of life measures set 228 either by
matching their respective dates and times of day or by similar
means, either by the remote client 18 or the server system 16.
The quality of life measures set 228 and the identified col
lected measures set 50 are sent over the internetwork 15 to the

server system 16 (block 241). The quality of life measures set
228 and the identified collected measures set 50 are received

by the server system 16 (block 242) and stored in the appro
priate patient care record in the database 52 (block 243).
0116. During each iteration of the second processing loop
(blocks 368-370), the quality of life measures set 228, iden
tified collected measures set 50, and one or more of the

collected measures sets for that patient are analyzed for the
current disorder are analyzed (block 244). Finally, feedback
based on the analysis is sent to that patient over the internet
work 15 as an email message, via telephone line as an auto
mated Voice mail or facsimile message, or by similar feed
back communications link (block 245). In addition, the
measures sets can be further evaluated and matched to diag
nose specific medical disorders, such as congestive heart
failure, myocardial infarction, respiratory distress, and atrial
fibrillation, as described in related, commonly-owned U.S.
Pat. No. 6,336,903, issued Jan. 8, 2002; U.S. Pat. No. 6,368,

284, issued Apr. 9, 2002; U.S. Pat. No. 6,398,728, issued Jun.
4, 2002; and U.S. Pat. No. 6,411,840, issued Jun. 25, 2002, the

disclosures of which are incorporated herein by reference. In
addition, multiple near-simultaneous disorders can be
ordered and prioritized as part of the patient status indicator as
described in the related, commonly-owned U.S. Pat. No.
6,440,066, issued Aug. 27, 2002, the disclosure of which is
incorporated herein by reference.
0117 Therefore, through the use of the collected measures
sets, the present invention makes possible immediate access
to expert medical care at any time and in any place. For
example, after establishing and registering for each patient an
appropriate baseline set of measures, the database server
could contain a virtually up-to-date patient history, which is
available to medical providers for the remote diagnosis and
prevention of serious illness regardless of the relative location
of the patient or time of day.
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0118 Moreover, the gathering and storage of multiple sets
of critical patient information obtained on a routine basis
makes possible treatment methodologies based on an algo
rithmic analysis of the collected data sets. Each Successive
introduction of a new collected measures set into the database

server would help to continually improve the accuracy and
effectiveness of the algorithms used. In addition, the present
invention potentially enables the detection, prevention, and
cure of previously unknown forms of disorders based on a
trends analysis and by a cross-referencing approach to create
continuously improving peer-group reference databases.
0119 Similarly, the present invention makes possible the
provision of tiered patient feedback based on the automated
analysis of the collected measures sets. This type offeedback
system is suitable forusein, for example, a Subscription based
health care service. At a basic level, informational feedback

can be provided by way of a simple interpretation of the
collected data. The feedback could be built up to provide a
gradated response to the patient, for example, to notify the
patient that he or she is trending into a potential trouble Zone.
Human interaction could be introduced, both by remotely
situated and local medical practitioners. Finally, the feedback
could include direct interventive measures, such as remotely
reprogramming a patient's IPG.
I0120 Finally, the present invention allows “live' patient
voice feedback to be captured simultaneously with the col
lection of physiological measures by their implantable medi
cal device. The voice feedback is normalized to a standard

ized set of quality of life measures which can be analyzed in
a remote, automated fashion. The voice feedback could also

be coupled with visual feedback, Such as through digital
photography or video, to provide a more complete picture of
the patient's physical well-being.
I0121 FIG. 27 is a block diagram showing a system for
providing direct normalized voice feedback from an indi
vidual patient in an automated collection and analysis patient
care system 400 in accordance with a further embodiment of
the present invention. The system 400 provides remote
patient care in a manner similar to the system 300 of FIG. 21.
However, the system 400 provides additional functionality
for receiving voice feedback spoken directly by and for send
ing voice prompts to the patient 301. The patient 301 is either
a recipient of an implantable medical device 302 or is moni
tored by an external medical device 303. Additionally, a
microphone 401 and a speaker 402 are implanted into the
patient 301, either separately (as shown) or as part of either
the implantable medical device 302, such as described in U.S.
Pat. No. 5,888,187, issued Mar. 30, 1999 to Jaeger et al., the
disclosure of which is incorporated by reference. The micro
phone 401 and speaker 402, if separate from the implantable
medical device 302, are implanted into the subcutaneous or
other tissues of the chest or abdomen of the patient 301. The
microphone 401 and speaker 402 form a patient communica
tions interface. In the described embodiment, the microphone
401 and speaker 402 are implanted subcutaneously above the
pectoralis major muscle, but other implantation sites could be
used, as indicated by the condition of the patient 301.
0.122 The microphone 401 includes an electronics pack
age to receive, process, Store and transmit spoken Voice sig
nals. The speaker 402 includes an electronics package to
receive, process, store and playback spoken Voice prompts.
The microphone 401 and speaker 402 interface through a
transmitter coil to non-invasively communicate with the pro
grammer 14 over an inductive connection or via a wireless

US 2009/0069867 A1

radio frequency link to a radio frequency (RF) receiver 404.
The programmer 14 is remotely interfaced to the system
server 16 via the internetwork 15, which generates outgoing
Voice prompts and processes incoming Voice feedback. The
electronics packages and transmitter coils are hermetically
sealed within housings constructed of biocompatible materi
als, if separate from the similarly hermetically-sealed
implantable medical device 302. In the described embodi
ment, the microphone 401 and speaker 402 are stand alone
units that operate as adjuncts to the implantable medical
device 302. In a further embodiment, the microphone 401 and
speaker 402 are incorporated directly into the implantable
medical device 302. Other arrangements and layouts of
patient communications components are possible.
0123. Following implantation, the patient communica
tions interface can be accessed either upon the initiative of the
patient or by the server system 16. Generally, the electronics
package in the speaker 402 is activated by Voice prompts
received from the server system 16 via the programmer 14
and the voice prompts are played back to the patient 301. The
electronics package in the microphone 401 is activated by the
spoken speech of the patient 301, Such as through a special
spoken keyword pre-assigned to the patient 301 or alterna
tively is activated by a tap code- or motion-activated Switch
that the patient 301 could respectively tap or press for atten
tion. Other types of microphone activation mechanisms are
possible. Once activated, the patient 11 provides spoken feed
back directly into the microphone 401, either spontaneously
or in response to the Voice prompts reproduced by speaker
402. In a further embodiment, the voice prompts are played
back by the speaker 202 and voice feedback is received by the
microphone 201, both provided by the remote client 18, as
further described above with reference to FIG. 13. Other

Voice prompting and Voice feedback configurations are pos
sible.

0124 Patient initiated communications sessions begin
with the patient activating the patient communications inter
face through a physical maneuver, such as a voice code, tap
code or combination Voice and tap code, including deliberate
pauses between each word. The patient communications
interface authenticates the patient based on pre-defined
uniquely identifying patient characteristics, such as a speech
fingerprint, teeth-click code, phonic tone code, cough code or
tap code. Other types of activation codes and patient identi
fying characteristics are possible. Following authentication,
the patient communications session is conducted by the
patient providing spoken information and the system provid
ing verbal system information respectively via the micro
phone 401 and speaker 402. In a further embodiment, the
spoken patient information is analyzed for symptomatic
expression and emotional state relating to the monitored
health conditions. Finally, the session terminates upon the
initiative of either the patient or the server system 16.
0125. In a further embodiment, different activation codes
can trigger different responses from the system. For example,
a pair of taps followed by the spoken request, “talk to me.” can
result in the server system 16 responding with, “what infor
mation are you seeking?” Similarly, a pair of taps followed by
the spoken request, “help me.” can result in the server system
16 generating responding with, “shall I call 911?” Finally, a
pair of taps followed by the spoken request, “I don't feel can
result in a series of interrogative questions from the server
system 16, including, "Are you short of breath.” “Do you have
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chest pain, and “Do you feel faint? Other types of levels are
formats of activation codes and responses are possible.
0.126 System initiated communications sessions can be
triggered based on pre-defined conditions or as a result of
continuous monitoring performed by the server system 16.
The server system 16 can automatically detect pre-defined
conditions under which apatient communications session can
be established. Such as the time of day or a sequence of
specific events, such as a defibrillation, accumulating lung
water, excessive nighttime coughing, recurrent disrupted
sleep patterns, Sudden changes in respiration patterns at rest
or amount of exertion, decreasing levels of heart rate variabil
ity, or physical activity. The server system 16 can also initiate
a patient communications session based on the continuous
monitoring of the physiological measures, such as when the
measures reach a certain level or rate of change. Conse
quently, the patient communications session is initiated either
upon the detection of the triggering conditions, if applicable,
or at the next appropriate time. The patient is discreetly
alerted, such as through audio or tap codes to indicate a
willingness to open a patient communications session, after
which the session is conducted in the usual fashion.

I0127. The electronics package processes the spoken
speech into a processed signal 403, either in analog or digital
form, that is stored in a memory provided with the micro
phone 401. On a regular basis, the processed signal 403 is
retrieved from the memory and transmitted to the receiver
404, generally along with the telemetered signals stored in the
implantable medical device 12. Alternatively, the processed
voice signal can be retrieved from the memory immediately
or transmitted to the receiver 404 immediately, depending
upon need and urgency. The retrieved processed signal 403 is
then processed into a normalized set of quality of life mea
sures 228, as further described above with reference to FIG.
13, which each relate to uniform self-assessment indicators,
as further described above with reference to FIG. 15.

I0128. The processed signal 403 of the voice feedback is
broadcast from the microphone 401 to the receiver 404, which
is incorporated into the programmer 14. Similarly, a data
signal of the voice prompts is broadcast from the receiver 404
to the speaker 402. The receiver 404 includes an electronics
package to receive, process, store, download and upload pro
cessed and data signals. The receiver 404 receives and pro
cesses the processed signal 403 broadcast from the micro
phone 401, which is then converted, if necessary, into a
digitized form suitable for transmission over the internetwork
15 and stored until the corresponding telemetered signals are
next retrieved. The receiver 404 also receives and processes
the data signal sent from the server system 16, which is then
converted, if necessary, into an analog or digital form Suitable
for broadcasting to and playback by the speaker 402. The
receiver 404 could also be incorporated into any form of
programmer, interrogator, recorder, monitor, or telemetered
signals transceiver Suitable for communicating with an
implantable medical device 12, as is known in the art. In
addition, the receiver 404 could be a stand alone unit, or

incorporated into a personal computer or digital data proces
sor that could be interfaced to the implantable medical device
12. Other configurations and arrangements of the receiver
404 are possible.
I0129. While the invention has been particularly shown and
described as referenced to the embodiments thereof, those

skilled in the art will understand that the foregoing and other
changes in form and detail may be made therein without
departing from the spirit and scope of the invention.
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Successful authentication of the patient based on pre
defined uniquely identifying patient characteristics with

What is claimed is:

1. A server for performing patient communication over a
network comprising:
a communication interface with a network;

a communication module configured to remotely intercon
nect to each of an implantable medical device, an
implantable microphone, and an implantable speaker
through the network;
a verbal information module configured over the network
to playback Voice prompts through the implantable
speaker and to receive voice feedback spoken from the
patient through the implantable speaker;
an authentication module configured over the network to
authenticate an identification of the patient based on
pre-defined uniquely identifying patient characteristics;
and

an interrogation module configured over the network to
retrieve physiological measures from the implantable
medical device upon Successful authentication.
2. A server according to claim 1, wherein the interrogation
module is further configured to retrieve the voice feedback
from the implantable microphone upon the Successful
authentication of the patient.
3. A server according to claim 1, wherein the voice feed
back is interactively provided in response to the voice
prompts.

4. A server according to claim 1, further comprising:
a voice feedback module configured to process the Voice
feedback into quality of life measures.
5. A server according to claim 4, further comprising:
an analysis module configured to analyze the physiological
measures and the quality of life measures and to deter
mine therefrom a patient status indicator of patient well
ness comprising each of an onset, progression, regres
sion, and status quo of a disease.
6. A server according to claim 4, further comprising:
a database module configured to store the physiological
measures and the quality of life measures into a database
as a patient care record for the patient.
7. A server according to claim 1, wherein the server
remotely interconnects to at least one of the implantable
medical device, implantable microphone, and implantable
speaker through a programmer situated over the network and
logically proximal to the server.
8. A programmer for performing patient communication
over a communications network comprising:
a communication interface with a communications net

work;

a telemetry interface;
a telemetry module configured to locally interconnect to
each of an implantable medical device, an implantable
microphone, and an implantable speaker implanted in a
patient through the telemetry interface;
a communications module configured to remotely inter
connect to a server through the communications net
work;

a voice module configured to playback Voice prompts
remotely to the patient through the implantable speaker
and to receive voice feedback remotely from the patient
through the implantable microphone; and
an interrogation module configured to retrieve physiologi
cal measures from the implantable medical device upon

the server.

9. A programmer according to claim 8, further comprising:
an authentication module configured to locally authenti
cate the identification of the patient based on the pre
defined uniquely identifying patient characteristics.
10. A programmer according to claim 9, wherein the inter
rogation module is further configured to retrieve the voice
feedback from the implantable microphone upon the Success
ful local authentication.
11. A programmer according to claim 8, further compris
19.

g storage module configured to store the physiological
measures and the Voice feedback.

12. A programmer according to claim 8, further compris
19.

in activation module configured to activate the implantable

speaker through transmission of the Voice prompts to the
implantable speaker.
13. A programmer according to claim 8, wherein the Voice
prompts are received from, and the Voice feedback is trans
mitted to, the server over the communications network.
14. An apparatus for providing on-patient communication,
comprising:
an implantable medical device implanted in a patient com
prising a sensor of physiometry and a communication
module configured to remotely interconnect to an inter
rogation device external to the patient's body and to
exchange the physiometry with the interrogation device;
an implantable microphone comprising a communication
module configured to receive spoken communication
from the patient and to relay the spoken communication
to the interrogation device; and
an implantable speaker comprising a communication mod
ule configured to play Voice prompts received from the
interrogation device,
wherein at least one of the implantable medical device,
implantable microphone, and implantable speaker fur
ther comprises pre-defined uniquely identifying patient
characteristics and the communication module of the

implantable medical device, implantable microphone,
and implantable speaker automatically presents the
characteristics on demand.

15. An apparatus according to claim 14, wherein the
implantable microphone is activated in response to a patient
provided activation code selected from the group comprising
Voice code, tap code, and combination of Voice code and tap
code.
16. An apparatus according to claim 14, wherein the pre
defined uniquely identifying patient characteristics are
selected from the group comprising a speech fingerprint,
teeth-click code, phonic tone code, cough code, and tap code.
17. An apparatus according to claim 14, wherein the inter
rogation device is one of a server and a programmer.
18. An apparatus according to claim 14, wherein the
implantable medical device further provides therapy to the
patient.
19. An apparatus according to claim 14, wherein the
implantable microphone further comprises a voice module
configured to process the spoken communication into a pro
cessed signal.
20. An apparatus according to claim 14, wherein the
implantable speaker is activated in response to a detected
change in the physiometry through the interrogation device.
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