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(57) ABSTRACT 

A method and apparatus for analyzing data from remote 
monitoring equipment, such as patient telemetry devices, 
and determining Whether an anomalous event has 

occurred, (ii) if an anomalous event has occurred, Whether a 
physician should be contacted, and (iii) if a physician should 
be contacted, selecting the physician to contact. Further, the 
system operates in parallel, in that a plurality of experts (e.g. 
physicians) may be contacted in response to a single or 

multiple anomalous events, thus ensuring an ef?cient 
response to an anomalous event. 
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PATIENT CARE DELIVERY SYSTEM 

[0001] This application is a continuation-in-part of com 
monly-oWned, co-pending US. patent application Ser. No. 
09/282,132 entitled PATIENT CARE DELIVERY SYS 
TEM, ?led Mar. 31, 1999, Which is incorporated by refer 
ence herein in its entirety. 

BACKGROUND OF THE DISCLOSURE 

[0002] 1. Field of the Invention 

[0003] This invention generally relates to patient care 
diagnosis delivery and, more particularly, to facilitating, in 
exchange for compensation, the provision of an expert 
diagnosis opinion of a condition based upon data gathered 
from a remote monitor. 

[0004] 2. Description of the Prior Art 

[0005] It is knoWn to remotely monitor human physiologi 
cal parameters such as heart rate, blood pressure, brain 
Waves and the like in patients. Such monitoring may be 
accomplished using remote monitoring, thereby alloWing 
patients to have freedom of movement. For example, some 
systems use cellular telephone technology to alloW patients 
to live at home. The patient visits the hospital if the 
telemetry device indicates that a visit is Warranted. 

[0006] HeWlett-Packard’s ECGStat softWare for its Palm 
Vue handheld computer system alloWs emergency room 
clinicians to capture and transmit full 12-lead ECG data, 
including Waveforms, computeriZed analysis and patient 
notes to cardiac specialists outside the hospital. It is a 
Wireless system that uses paging technology to transmit data 
to a physician’s handheld computer. 

[0007] It is Well knoWn to use ECG monitors in conjunc 
tion With softWare to analyZe patterns in patients’ heartbeats. 
Typically, monitoring technicians (or monitors) are alerted 
to the possibility that something is amiss by an alarm. Upon 
examining a readout of the vital sign in question, the monitor 
makes a decision about Whether the patient requires 
attention (ii) Whether the patient requires a cardiologist’s 
services and if so, (iii) Which cardiologist to call. Typically, 
the technician selects the cardiologist from a list of available 
specialists. This list is substantially determined by availabil 
ity, i.e., Who is on call at the time. If a cardiologist is 
required, the technician must communicate to a cardiologist 
the patient’s condition over voice or data lines. The techni 
cian may use the HeWlett-Packard ECGStat system 
described above to communicate With the cardiologist. 

[0008] Monitoring technicians must Watch and Wait for 
alarms to go off in all of the above-described systems. They 
may miss certain subtle Warning signs, and if several alarms 
go off at once, they can only respond to one at a time. 
Additionally, they must ?nd out Which doctors are on call at 
the time and then contact the appropriate physician. If the 
“?rst choice” physician is not available, the technician must 
then try to contact another physician. In other Words, the 
technician must operate in a serial manner to procure an 
expert opinion. 

[0009] Therefore, it is seen to be desirable to provide a 
system able to analyZe a signal from remote monitoring 
equipment, e.g., medical monitoring equipment, in such a 
Way as to make a preliminary decision about Whether or not 
an expert, such as a physician, should be contacted and to 
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decide Which physician or physicians to contact. Moreover, 
it is seen to be desirable to provide a system that alloWs 
physicians and other experts to accept or decline offers made 
by the system to render a diagnosis, thereby implementing 
a “pieceWork” type of compensation structure Within the 
con?nes of, e.g., the medical environment. Preferably, such 
a system minimiZes or eliminates the human fallibility 
involved in noticing alarms and contacting experts in a 
timely manner. 

SUMMARY OF THE INVENTION 

[0010] The invention is a method and apparatus for ana 
lyZing data from remote monitoring equipment, such as a 
patient telemetry device, and determining if an anomaly 
exists, (ii) if an anomaly does exist, What kind of action 
should be taken, and (iii) if a physician should be contacted, 
Which one. Further, the system operates in parallel, in that a 
plurality of experts (e.g., physicians) may be contacted in 
response to multiple anomalous events, thus ensuring the 
quickest possible response time. 

[0011] The present invention further contemplates meth 
ods for obtaining opinions from a plurality of experts and 
aggregating such diagnoses into an aggregate diagnosis. The 
opinions may be rendered by experts Working independently 
or in consultation With one another. The aggregate diagnosis 
is obtained in response to detection of an anomaly in data 
from remote monitoring equipment of a patient. The inven 
tion further contemplates various compensation schemes for 
providing payment to experts Who provide a diagnosis. 

[0012] A method for procuring a diagnosis according to 
the invention comprises the steps of: receiving representa 
tive data that represents at least one physiological parameter 
of a patient; determining Whether the received data is 
indicative of a physiological anomaly; selecting at least one 
expert to provide an expert opinion regarding the indicated 
anomaly; communicating, to the at least one selected expert, 
the physiological representative data, including the deter 
mined anomaly; and receiving, from at least one selected 
expert, a diagnosis of the anomaly. 

[0013] A diagnostic procurement system according to the 
invention comprises: a monitor, for monitoring at least one 
parameter associated With an entity and communicating data 
representing the at least one entity parameter; and a con 
troller, responsive to the data representing the at least one 
entity parameter, for determining Whether anomalous entity 
operational parameters are present and, in the case of 
anomalous entity operational parameters being present, pro 
curing a diagnosis from at least one of a predetermined 
number of experts. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The teachings of the present invention can be 
readily understood by considering the folloWing detailed 
description in conjunction With the accompanying draWings, 
in Which: 

[0015] FIG. 1 depicts a high level block diagram of a 
patient care diagnosis delivery system; 

[0016] FIG. 2 depicts a high level block diagram of a 
central server 200 suitable for use in the patient care 
diagnosis delivery system of FIG. 1; 
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[0017] FIG. 3 depicts an exemplary reaction database in 
tabular form suitable for use in the central server of FIGS. 
1 and 2; 

[0018] FIG. 4 depicts an exemplary physician database in 
tabular form suitable for use in the central server of FIGS. 
1 and 2; 

[0019] FIG. 5A depicts an exemplary physician criteria 
database in tabular form suitable for use in the central server 
of FIGS. 1 and 2; 

[0020] FIG. 5B depicts an exemplary patient criteria data 
base in tabular form suitable for use in the central server 200 
of FIGS. 1 and 2; 

[0021] FIG. 6 depicts an exemplary patient database in 
tabular form suitable for use in the central server 200 of 
FIGS. 1 and 2; 

[0022] FIG. 7 depicts an exemplary event database 700 in 
tabular form suitable for use in the central server of FIGS. 
1 and 2; 

[0023] FIGS. 8A and 8B depict a How diagram of a 
patient care diagnosis delivery method suitable for use in the 
patient care diagnosis delivery system of FIG. 1; 

[0024] FIGS. 9A and 9B depict a How diagram of an 
expert selection method suitable for use in the patient 
delivery method of FIGS. 8A and 8B; 

[0025] FIG. 10 depicts a How diagram of an offer pro 
cessing method suitable for use in the expert selection 
method of FIGS. 9A and 9B; and 

[0026] FIG. 11 depicts a How diagram of a patient care 
diagnosis delivery method 1100 suitable for use in the 
patient care diagnosis delivery system 100 of FIG. 1. 

[0027] FIG. 12 depicts a How diagram of a patient care 
diagnosis delivery method 1200 suitable for use in the 
patient care diagnosis delivery system 100 of FIG. 1. 

[0028] FIG. 13 depicts an exemplary compensation agree 
ment database in tabular form suitable for use in the central 
server 200 of FIGS. 1 and 2 

[0029] To facilitate understanding, identical reference 
numerals have been used, Where possible, to designate 
identical elements that are common to the ?gures. 

DETAILED DESCRIPTION 

[0030] Applicants have recogniZed a need in the medical 
treatment community that has until noW not been addressed. 
In one embodiment, the present invention comprises a 
system Which carries out continuous and passive monitoring 
of a patient, Wherein the patient’s physiological parameters 
are monitored by a system remote from the patient and 
Which system detects and automatically processes any rec 
ogniZed anomalies in such parameters, such that a potential 
problem may be caught and analyZed before the patient even 
realiZes that there is anything Wrong. For example the 
system of the present invention may detect lack of move 
ment from a fetus or a sloW-doWn in the heartbeat of a fetus 
and contact an obstetrician to determine a course of action. 
The obstetrician may in turn study the data and determine 
that such a sloW-doWn in heartbeat is normal under the 
circumstances and advise the system that nothing further 
needs to be done. The patient being monitored can rest easier 
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and go on about her daily activities, secure in the knoWledge 
that her health is being continuously monitored and quali?ed 
experts are being contacted as needed. The patient does not 
need to Worry about contacting her oWn physician or ?nding 
an available physician. The system has access to a multitude 
of quali?ed experts, With enormous resources to ?nd the 
right expert regardless of time of day or night. Further, the 
system may handle the monitoring of many patients and 
parameters simultaneously and be capable of responding to 
various anomalies in different patients simultaneously such 
that the patient’s diagnosis is not delayed unnecessarily. This 
is because, in at least one embodiment, the system is capable 
of analyZing and processing the initial physiological data 
automatically in order to determine What type of expert to 
contact, rather than being dependent on a human being to 
monitor physiological data and attempt to contact local 
physicians manually 
[0031] After considering the folloWing description, those 
skilled in the art Will clearly realiZe that the teachings of the 
present invention can be readily utiliZed in any environment 
in Which an entity (e.g., a patient) having at least one 
monitored operating parameter (e.g., physiological param 
eter) may require an expert diagnostic or other opinion if one 
or more of the monitored operating parameters indicates that 
an operating anomaly is present. The system and method 
provide (a) an initial screening and decision capability based 
upon the received operating data sufficient to determine 
Which type of expert is needed; (b) an identi?cation and 
communication of at least a portion of the operating data to 
one or more appropriate experts; (c) a transactional capa 
bility de?ning a level of compensation to be provided to the 
expert in exchange for the rendering of an expert diagnosis 
regarding the anomaly; and (d) an adaptation of an existing 
communications infrastructure to the procurement of the 
expert opinion(s). 

[0032] While the invention Will be primarily described 
Within the context of a medical monitoring system, it Will be 
appreciated by those skilled in the art that the invention has 
applicability Well beyond the patient care diagnosis delivery 
system described herein. Speci?cally, the invention com 
prises, in general terms, a centraliZed system procuring 
expert diagnosis or diagnostic opinion(s) in response to 
remotely monitored data indicative of an event requiring 
such an opinion. 

[0033] Throughout this description various terms are used 
to describe the invention. Unless modi?ed by the folloWing 
description, several of the terms are de?ned as folloWs: An 
anomaly comprises a dysfunction or precursor to a dysfunc 
tion Within a monitored entity, such as a patient in a medical 
monitoring environment. An “expert” is an entity that pro 
vides a diagnosis relating to an anomaly. An expert is one 
deemed by the patient and, optionally, the system, as having 
expertise in treating the patient’s condition. In the case of 
standard medical specialties, the patient and system Will be 
in agreement as to the de?nition of an expert. If the patient 
believes in practitioners of non-standard or alternative thera 
pies, then the system and patient may disagree. A “diagno 
sis” or diagnostic opinion comprises an identi?cation of an 
anomaly, a recommended treatment for a patient or any 
expert opinion tending to remediate or ameliorate an anoma 
lous condition. “Communication” comprises any means of 
transferring data to or from a communicating party, such as 
a patient telemetry device, a central server, a physician 
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terminal device, a computing device or telephonic device 
and the like. A communication may utilize encryption/ 
decryption protocols. “Alert information” comprises infor 
mation, including local diagnostic information, real time 
physiological data and other information intended to be used 
in the rendering of a diagnosis or a determination of the type 
of expert needed to render such a diagnosis. A data pro?le 
is a data template against Which raW or processed informa 
tion is compared to produce a level of af?nity betWeen the 
information and the data pro?le. A high level of affinity 
indicates that the information may conform to an anomalous 
condition associated With the data pro?le. Pro?les may be 
individualiZed and adapted to patients. For example, a 
baseline pro?le may be adapted over time in response to a 
patient’s improving or degrading condition (e.g., diminished 
heart valve integrity Will lead to changes in ECG data as the 
heart adapts by pumping harder and/or differently). 

[0034] FIG. 1 depicts a high level block diagram of a 
patient care diagnosis delivery system. Speci?cally, FIG. 1 
depicts a high level block diagram of a patient care diagnosis 
delivery system 100 comprising a plurality of physician 
terminal devices 110-1 through 110-N, a central server 200 
and a plurality of patient telemetry devices 120-1 through 
120-N. 

[0035] Each of the plurality of patient telemetry devices 
120-1 through 120-N is capable of monitoring at least one 
physiological parameter of a patient and communicating 
data representative of the monitored parameter to the central 
server 200 via respective data paths P1 through PN. The 
patient telemetry device may comprise a knoWn device 
capable of monitoring patient data, transmitting that data to 
the central server and, optionally, receiving data from the 
central server 200. 

[0036] The central server 200 examines the communicated 
data to determine if the at least one physiological parameter 
is Within appropriate or “normal” parameter boundaries. If 
the data is not Within the appropriate boundary, the central 
server 200 determines if an event or medical anomaly (e.g., 
cardiac arrest or other condition) may be occurring. If such 
a determination is made, then the central server 200 com 
municates an offer to one or more of the physician terminal 
devices via respective data paths E1 through EN. 

[0037] Each physician terminal device 110 (i.e., physician 
terminals 110-1 through 110-N) is associated With at least 
one respective expert, such as physician(s), nurse(s), and 
other experts. A physician receiving an offer accepts that 
offer by communicating an acceptance message to the 
central server 200 via the physician terminal device 110 or 
another means (e.g., telephone, computer netWork and the 
like). The central server then decides Which one (or more 
than one) of the accepted offers Will be con?rmed by sending 
a con?rmation signal to the physician via, e.g., the respec 
tive physician terminal device(s). The physician terminal 
device may comprise a knoWn device capable of receiving 
information from the central server and, optionally, trans 
mitting information to the central server 200. For example, 
a pager, a personal digital assistant (PDA) or a cellular 
telephone may be utiliZed for this purpose. 

[0038] An exemplary embodiment of a patient telemetry 
device 120-1 comprises an input/output (I/O) circuit 125, 
support circuitry 123, a processor 124, a memory 126 and a 
data link 127. The processor 124 cooperates With conven 
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tional support circuitry 123 such as poWer supplies, clock 
circuits, cache memory and the like as Well as circuits that 
assist in executing the various softWare routines Within the 
patient telemetry device 120-1. Input/output circuit 125 
forms an interface betWeen the patient telemetry device 
120-1 and sources of patient physiological data. For 
example, the input/output circuit 125 may comprise sensors, 
transducers and other analog to digital conversion circuitry 
adapted to measure physiological parameters associated 
With a patient, such as heart rate, blood pressure, tempera 
ture, perspiration level, respiratory activity, body electrical 
activity, brain activity and the like. The physiological infor 
mation is received and/or processed by the input/output 
circuitry to produce physiological parameter representative 
data in a form usable by processor 124. The processor 124 
communicates the physiological parameter representative 
data to the central server 200 via a data link 127. 

[0039] Data link 127 comprises a Wireless or a non 
Wireless data link (e.g., a telephone dialer, a cellular tele 
phone link, or a computer link) or other communications 
link driver suitable for providing patient data to the central 
server 200 via a respective data path (e.g., data path P1). The 
patient telemetry device is optionally responsive to a patient 
control signal. The patient control signal comprises a signal 
that a patient may use to communicate speci?c information 
or a request to the central server 200. For example, in the 
case of a patient sensing the onset of some physiological 
anomaly (e.g., the beginning of cardiac arrest) or the patient 
suffering a trauma (such as a fall), the patient may manually 
communicate this condition to the central server 200 such 
that appropriate action (e.g., summon an ambulance) is 
taken. The patient control signal is produced by an optional 
input device 145, illustratively, a key pad. The patient 
control signal is used to communicate a message to the 
central server 200 comprising, e.g., a standby mode mes 
sage, an impending exertion message, an equipment failure 
message, a medical emergency message, a non-medical 
emergency message, a speci?c physiological dysfunction 
message and a test message. In response to such a message, 
the system may choose to ignore any apparent anomalies. 

[0040] An exemplary embodiment of a physician terminal 
device 110-1 comprises an input/output (I/O) circuit 115, 
support circuitry 113, a processor 114, memory 116, a 
display device 111 and a data entry device 112. The proces 
sor 114 cooperates With conventional support circuitry 113 
such as poWer supplies, clock circuits, cache memory and 
the like as Well as circuits that assist in executing various 
softWare routines. The physician terminal device 110-1 also 
contains input/output circuitry 115 that forms an interface 
betWeen the physician terminal device 110 and the central 
server 200. The display device 111 comprises a liquid crystal 
display (LCD) or other display means, While the data entry 
device 112 comprises a keyboard or other data entry means. 
The memory 116 includes a standard control program such 
as a PDA or cellular telephone control program that enables 
a physician or expert interacting With the physician terminal 
device to receive information from the central server 200 
and, optionally, transmit information back to the central 
server 200. 

[0041] Referring noW to the patient telemetry device 120 
1, in one embodiment of the invention, the physiological 
information received from the patient is merely converted 
into a digital information stream, either compressed or 






























