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D!SEASE MANAGEMENT SYSTEM

Abstract of the Disclosure

One aspect of the invention is directed to a system and method for automated fowledge-based, long-term
patient disease management. Disease management is directed to the continuing medical care of a patient who has
been diagnesed with a specified health problem called a disease. The system performs disease management in a fully
automnated manner, using periodic interactive dialogs with the patient ta obtain health state measurements frem the
patient, 1o evaluate and assess the pragress of the patient’s disease, to review and adjust therapy to optimal levels,
and 1o give the patient medical advice for administering treatment and handfing symptom flare-ups and acute episodes
of the disease. One goal of the disease management system is to promote patient health in an automated manner that
reduces costly medical intervention. Vatious features of the system are specifically designed to accumulate and use
patient-specific information, so that disease management can be tailored to each individual case. As the system
manages a given patient over time, it builds a profile in the form of the frequency and reasons for the patient's
contacts with the system, the patient’s subjective understanding of the disease, the patient’s objective response to
various medical treatments, and the patient’s preferences in treatment. The system performs its contact with patients

in the furm of disease management sessions, which are regufarly scheduled dialogs with the patient.
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DISEASE MANAGEMENT SYSTEM

Background of the Invention
Field of the tnvention
The present mmtion,generally“-rélaies to medical knowledge systems, and more specifically, to

systems for computerized long-term manapement of patient diseases.

Descrigtirfn of the Related Technology
Health is the greund upon which we lead our lives. Medicine is composed of diagnosts and

treatment. Diagnosis means finding the cause of the patient’s problem; treating is the application of the
best therapy available. However, not all diseases can be completely cured by 2 treatment regime.

Diseases suth as asthma and diabetes may require a reguler schedule of treatment, termed
therapy, for the duration of a patient’s Bife. In this case, the disease is managed rather than cured,
Disease management may be defined as manaping a patient with & known diagnosis with the intention of
providing patient education and monitoring to prevent symptom flare ups and acute episodes of the disease
in order to ebminate costly medical intervention and promote patient well being. The therapy portion of
disease manajement must be costom-tailored to the response of a particular patient since diseased patients
may respond differently to the same treatment, e.p., a prescribed dosage and pharmaceuticals,

Since disease management creates reoccurring expenses 1o society, there is a tremendous desire
to reduce costs. One must understand a capitated healthcare system in the extreme to see why the goal
is worth achieving. Advocates of a fully capitated system say thal everyone wil) win. Taken to the
extreme no ong will ever get sick, and doctors will be paid for never sesing patients because there wouldn't
be any patients. M a fully capitated system, every person in the world pays a predetermined amount per
person per month to health maintenance organizations whose sole purpose is to keep you healthy. This
is an admirable goal but kupossible to achieve. However, a realizable goal is to automate the way
diseases are managed.

The entire concept of disease management, carried to the extreme, is to visualize a doctor
following @ patient around for 24 bours a day. Of course, this is an unobtainable solution for the vast
majprity of the population. To redute tosis, the doctor's knowledge must be disseminated to the general
public and one approach might be to not require the physical presence of the doctor at the site of the
patient.

Much of medicine is algorithmic. That s, the diagnesis follows 2 sequence of steps 1o isolate
the cause of the problem. Advanced cardiac e sopport (ACLS] and advanced trauma kfe support (ATLS)
have shown how much care tan be improved by setting standards. Some standards may be translated inte
meditinal algorithms, which can help set the standard of care for physicians. The concept of tefephone

medical advice has been proven by nationwide poison contro! centers, and physicians, particularly
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paediatricians, have practiced medicine over the telephone since it was invented. In fact,
the very first words uttered over the telcphone were an appeal for help, for Alexander
Graham Bell had just spilled battery acid (for the batteries for the telephone) and said,
"Come here, Mr. Watson, I need you" on March 7 of 1876. Today's so-called
telemedicine remains a one-to-one relationship. The phenomenon of telemedicine
depends, in part, on best-practice guidelines helping make the practice of medicine
consistent.

Disease management 1s nothing less than redesign of the practice of medicine. The
problem with medicine was mostly one of information and arrangement of that
information. Because the of the development of the personal computer and standards,
advances can now be made in disease management. In the past, doctors have been the
repository of medical information and the ones to "arrange" it so that it had clinical
meaning. But these functions can now be performed in an automated way using the
"lever" of telecommunication and computer technologies.

Disease management can involve coordinating carc for patients across the entire
health care continuum from birth to death. Disease management has a program available
for every part of everyone's life, including prevention, diagnosis, treatment and
rehabilitation. The process involves managing not only the patient with a particular
disease, but also the healthy patient. Too often, providers focuses on providing intensive
and costly services to patients with acute episodes of disease. Diseasc management
advocates seek a greater focus on preventive, comprehensive care to improve the health of
the entire population. In a sense, disease management attempts to take the practice of
medicine out of the hands of physicians and puts it into the hands of patients.

Almost all "knowledge based" clinical reasoning could be performed better and more
reliability by computers. Technology will drive the democratization of medicine. A
system that can automate the practice of medicine, especially in discase management, and
which encourages and trains paticnts to play a major beneficial role in their medical health
care is highly desired. Such a system should give a sustainable, substantive, and
significant competitive advantage in a capitated health care marketplace. Such a systemn
should be able to automatically identify very critical points in any disease process so that

intervention is chnically, economically and humanistically maximized.
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The reference to any prior art in this specification is not, and should not be taken
as, an acknowledgment or any form of suggestion that that prior art forms part of the

common general knowledge in Australia.

Summary of the Invention

In one embodiment of the present invention there is a computerized disease

management method, comprising assessing the health of a patient having a disease; and

"optimizing a disease therapy based on the health assessment of the patient.

In another embodiment of the present invention there is a computerized correlation
assessment method, comprising: providing a subjective health measurement in an
electronic medical record comresponding to a particular patient; providing an objective
health measurement in the electronic medical record; and calculating a metric based on the

subjective health measurement and the objective health measurement,
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In yet another esmbodiment of the present invention there is a tomputerized eritical curve
assessment method, comprising: providing a critical curve for a particular disease; providing a plurality
of health parameters in an electronic medical record corresponding to a particuler patient having the
particuler disease; comparing at least one of the health parameters 1o the critical curve to obiain heatth
assessment information.

In yet another embodiment of the present invention there is 2 disease management system,
tomprising: 2 disease management module capable of automatically providing health assessment and

therapy information for a patient having a diseése; and a permission database comprising permission

. information indicative of the level of accessibifity permitted to health assessment and therapy

information.

In yet another embodiment of the present invention there is @ computetized medical advice
syﬁtem, comprising 2 medical advice module capable of providing medical information to 2 patient; and a
permission level assotiated with the medical advice module.-

In a further embodiment of the present invention there is 2 computerized method of therapy
oplimization, comprising: determining the availability of objective health measurements and subjective
health measurements for a particular patient having 2 particular disease; and adjusting therapy for the
patient based on available chiective health measurements; or adjusting therapy for the patient based on
unavailable objective health measurements and available subjective heahh measurements.

In yet another en;hotﬁtmi of the present invention there is a computericed guestion version
method, comprising: providing a phwality of groups of questia}:s indicative of assessing a patient's
health, each group being refated to a knguistic level of understanding; identitying the linguistic leve} of
undesstanding of a panticolar patient; selecting one of the question groups based on the identified
finguistic level; and asking a question of the patient from the selected gronp.

In a further embodiment of the present ivention there is a computerized medical diagnosis
method, tomprising: encoding a patient’s subjective pertepﬁnn of pain into a2 pain code; and indexing a
database of diseases with the pain code thereby diagnoesing a disease.

In yet another embodiment of the present invention there is 2 computerized therapeutic
alterations method, comprising: providing a therapewtic alterations permission level corresponding to a
particutar patient having a particular disease; awtomatically determining a therapy adjustment for the
patient; and recommending the therapy adjnstment 1o the patient as allowed by the therapy alterations
permission level

In yet another embodiment of the presemt invention there is 2 computerized preview mode
methed, comprising: setting a preview mude for 2 medical seript; asking a question related to the health
of 2 patient; allowing the patient to receive informatisn relating to the consequence of having answered

the question; and resetting the medical seript as i the question had not been answered.
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In yet another embodiment of the present invention there is a eomputerized no response
method, comprising: providing a phuality of parameters; asking a selected question from a medica)
sctipt; waiting a preset time for 2 response to the guestion; and performing an action based on the
parameters after the preset time expires with no response.

In yet another embodiment of the present invention there is a computerized health assessment
method, comprising: filtering any significant symptoms of a particular patient having a particular
disease; obtaining and storing initial health measurements from the patient i the patient has not been
previously assessed; and obtaining and storing subsequent health measurements from the patient if the
patient has been prmusly assessed.

In a final embodiment of the present invention there is a computerized significant symptom
fitering method, comprising: determining the severity of a significant symptom obtained from a
particular patient having a partieular disease; assessing the health of the patient if the severity level s
sufficiently low; and taking 3 predetermined action it the severity level is sufficiently high.

Brief Deseription of the Drawings

Figure 1is 3 hloch giagram of an automated medical diagnosis, ireatment, disease management
and information system of an embodiment of the preéent invention. .

Figure 2a is a diagram of a configuration of components of the system shown in Figure 1.

Figure 2b is 2 diagram of a configuration of components of the server computer shown in Figures
1 and 2a.

Figure 3 is a bloek diagram of a portion of the processes and database files utitized by the system
of Figure 1.

Figures 4a, Ab, 4c and 4d are a flowzhart of the top-leve! process performed by the system of
Figure 1.

Figure 5 is a tlowehant of the Disease Management Module process showsn in Figure 4d and
performed by the system of Figure 1.

Figure 6 is a flowthart of the Open Session process shown in Figere 5,

Figure 7 is 2 flowthart of the Health Assessment process shown in Figure 5.

Figure 8 is 2 flowshart of the Significant Symptom Filter process shown in Figure 7.

Figere 8 is » fiowebart of the Severity Assessment function shown in Figure 8,

Figure 10 is a flowehart of the initial Health Assessment process shown in Figure 7.

Figuze 11 is 2 flowehart of the Curremt Health Assessment process shown in Figure 7.

Figure 12 is a flowchent of the Comelation Assessment function shown in Figure 11.

Figure 13 is 2 flowehart of the Critical Curve Assessment process shown in Figure 11.

Figure 14 is 3 flowchart of the Therapy Optimization process shown in Figure 5.
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Figure 15 is a flowchart of the Therapy Adjustment Based on Subjective Health Data process
shown in Figure 14.

Figure 16 is @ flowchart of the Therapy Adjustment Based on Objective Heakth Data process
shown in Figure 14. '

Figure 17 is a flowchart of the Patient Consent Leve! functicn shown in Figures 15 and 16.

Figure 18 s a flowchart of the Clase Session process shown in Figure 5.

Figures 19a and 18 are flowcharts of the Question Versions feature utilized by the Disease
Management Module process shown in mees'i and 5.

Figure 20 is a flowchart of the Preview Mede feature utifized by the Disease Management Module
process shown in Figures 1 and 5.

Figure 21 is 2 flowchart of the Nn-ﬂeépnnse feature utilized by the Disease Management Module
process shown in Figures 3 and 5.

Figure 222 is 2 flowchast of a function utiized by the Disease Management Module process
shown in Figures 4d and 5 andfor the Diagnostic protess shown in Figure 4d in generating @ POAST {pain
code) array entry for 2 patient.

Figure 22b is & flowchart of 2 function utiized by the Diagnostic process shown in Figure 4d in
retrieving a diagnosis using the PORST (pain code) array entry stored for a patient in Figure 22a.

Figure 23 is 2 graph of an exemplary critical curve plotting health measurements over time for
a particular disease.

Detaited Bescription of the Preferred Embadiment

The following detafed description of the preferred embodiments presents a deseription of certain
specific embodiments to assist in onderstanding the claims. Howeves, the present invention can be
embodied in 2 mubtitude of ditferent ways ax defined and tovered by the claims. Reference is now made
to the drawings wherein Kie avmerals refer to Eke parts throughout.

The detailed deseription is organized into the following sections:

System Overview

System Processes and Databases
Top-level System Protess Flow
Disease Management Overview
Diszase Management Module
Open Session

Health Assessment

Signifitant Symptom Fiter
Severity Assessment

Initia! Health Assessment
Current Health Assessment
Correfation Assessment

Critical Corve Assessment
Therapy Dptimization

Therapy Adjustment (Subjective)
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Therapy Adjustment (Cbjective)
Patient Consent Level

Close Session

Question Versions

Preview Mode Feature

No-Response Feature

The PORST Armray

Disease Management Order {DMQ)
Permissions Database

Regulatory Permissions

Sharing Permissicns .
Therapeotic Alteration Permission Level (TAPL)
Meta Struttures

Meta Functions

Benefits of Disease Management

SYSTEL! OVERVIEW

Referring to Figure 1, 3 computerized knowledge-based medical management system 100 will
be deseribed. A disease management module (DMM) 80 and several other high-Jevel service modules 82
perform automated medical services for the users of the medical management system 100. The
service modules 82 may include Diagnosis, Treatment Table, Automated Demand Management,
Audio/Visuai/image Library, and Author Access. The DMM 80 handles tasks associated with Disease
BManagement {BM); its major goals are to promote patient well-being, 10 educate patients, and to
reduce costly medical intervention. The user may be 2 patient 114 or an assistant for a patient.
Throughout this document, the words user and patient are used interchangeably. However, it will be
understood that the user may be acting as a proxy for the patient. 1 this is the case, the user is
registered as an assistant for the patient. Appropriate registration and login processes, described
heseinbelow, are ptilized by the system 100 for either the patient or the assistant.

The modules 80 and B2 are supported by an Operating System and support software 88, by a
rumber of databases 84, and by 2 computing environment 90 of the embedding computer hardware
platiorm 110. The entire tomptter hardware-software-communications complex is operated and
maintained by a support stafl. Al apphication tasks of the DMM 80 are fully automated. External
contact of the DM with patients, physicians, einics, pharmacies, leboratories, and so en (colectively
92) are handled by automated communications systems using appropriate media and methods of the
romputing environment 80, such as interactive voice resﬁcnse 4VR}, direct modem-to-modem access, or
aceess via the Internet 102, The patient 114 vtilizes a computer 116 and monitor 118, a telephone
124, or other components, seme of whith are described in conjunction with Figure 2a below, to
communitate with the system computer platform 110,

Referring to Figure 22, a block diagram of one embodiment of the medical management system
10D will be described. The system 100 includes a network “cloud” 102, which may represent  local area

network {LAN), @ wide area network {WAN), the Internet, or another connection service.

-10-
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The system programs and databases may reside on a group of servers 108 that are preferably
interconnected by a LAN 106 and 2 gateway 104 to the network 102. Alternatively, the system pragrams
and databases may reside_ on a sinle server 110 that utilizes netwark interface hardware and scftware
112, The system servers 108/110 store the modules B0 and 82 {Figure 1).

The network 102 may connect to a user computer 116, for example, by use of a modem or by
use of a network interface card. The user 114 at the computer 116 may utilize a browser 120 1o
remotely access the system programs using a keyboard andlor pointing device and a visual display, such
as the monitor 118. Alernatively, the browses 120 is not utilzed when the system programs are executed
in a local mode on the computer 116. A video camera 122 may be optionally connected 10 the computer
116 to provide visual input, such as visual symptoms or signs. Furthermore, elinical sounds could be picked
vp by the video camera or separate microphone {not shown).

Various -other devices may be used to communicate with the system servers 108/110. IJf the
servers are equipped with voice recognition or DTMF hardware, the user can communicate with the system
program by use of the talephone 124. A telephonic embodiment is described in Applicant’s appiication
entitled "Computerized Medical Diagnostic and Treatment Advice System,” 1.S. Appfication No, 08/176,041,
filed December 29, 1993, which has issued as U.S. Patent No. 5,660,176. Dther connection devices for
cemmunicating with the system servers 108/110 include a portable persona! computer with a modem or
wireless connection interface, a cable interface device 128 connected to a visual display 130, or a sateflite
gish 132 connected to o satelite receiver 134 and a2 television 735.  Other ways of allowing
communication between the vser 114 and the system servers 108/110 are envisioned.

Referving to Figure 2b, 2 diagram of one embodiment of o server computer 110 shows several
possible interconnections 10 the network. To “play” a seript, 2 spetial program called 3 Script Engine is
used, which reads a medical diagnostic script file and vses its codes to perform interview actions, such
as outputting 2 question to 2 patient and inputting an answer. The scripts may also coflect the answers
from the patient, evaluate the answers, issue a diagnosis, and update the patient’s .mnfu:al record. The
script engine may also reside in the vser computer 116 [Fiqure 2a). The script ergine may be stered on
the hard drive or a CD-ROM, and is Ipaded into the main memory or a cache for execution,

The components of a presently preferred server computer 110 of the computerized medical system
100 of the present investion, are shown in Figure 2b. The serves computer 310 inchudes 3 plurality of
components within an entlosure. A telephone fine 155 interfaces the pubBe telephone network 158 to the
computer 110 via @ modem 150. The telephone network 158 may connect to the network 102, which
has connections with the system serverls) 108/310. Alternatively, the compoter 110 may connect to the
network 102 by use of a network interface card 164. ’

The hardware and system software are assembled with two basic concepts in mind: portability
10 ather operating systems and the use of industry standard components. In this way, the system can be

more flexible and will allow free market competition 10 continually improve the product, while, at the same

-11-
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time, decreasing costs. While specific hardware and soitware may be referenced, it will be understood that
& panoply of different components could be used in the present system.

The computer 110 preferably #s a personal computer with an Intel Pentium microprocessor 170.
Other computers, such a5 an Apple Macintosh, an Amiga, a Digita) Equipment Corporation VAX, or an [BM
mainframe, could also be uthized. The modem 160 or the network interface card 164 connect to an
industry standard architecture {ISA} or a peripheral component interconnect {PCI) bus 162. The bus 162
interconnects the microprocesser 170 with a plurality of peripherals through controfler cizeuits {chips or
boards). ' '

The computer bus 162 has a plurality of peripherals connected 1o it through adapters o
controllers. A video adapter board 172, preferably at SVGA or better resolution, interconnects to a video
monitor 118. A serial communication eireuit 176 interfaces with 2 pointing device, such as 2 mouse 178.
A parallel communication circuit may bz used in place of circuit 176 in another embodiment. A keyboard
controller circuit 180 interfaces with a keyboard 182. A 500 Mb or greater hard disk drive 184 and an
optional CD-ROM drive 186 are preferably stiached to the bus 162. The hard disk 184 stores database
files such as the patient files, DM {les, other system files, and binary support files. The CD-ROM drive
186 alsp stores database fes and hinary support files.

A main memory 150 connects to the microprocessor 170. In ene embodiment, the computer 110
may operates under the Windows 85 operating system 182. The memoty 190 executes a diagnostic seript
engine (not shown) and a disease management modvule (DMM) process 220. Portions of the disease
management module process software may be written in Borland Delphi Pascal, version I, and other
portions may be written in Micresoft °C’, version 7.0. Furthermore, in one embodiment, the database is
implemented with Microsoft Foxpro or another database program such as a SQL-compatible relational
database program.

SYSTENS PROLESSES AND DATABASES

Referring to Figure 3, a portion of the processes, files, and databases utifized by the medical
management system 100 will o described. Except for the DMM process, 2 Permissions database, an
imaging Modafity database, a Laboratory Test database, s Diseases database, and other DM spetific
databases which are destribed bereimbelow, these processes, files, and doisbases were described in
Applicant’s patent entitled "Computerized Medica) Diagrostic and Treatment Advice System,” U.S. Patent
No. 5,660,176.

The medical management system 100 vtifizes several principal processes and related databases.
A set of patient/assistant login processes 200, 210 and 212 is used by the system 100 1o identify a
patient who has previously registered into the system in one of three ways: 1) by prompting for a patient
identification number (PIN) in process 200; 2) identify an assistant who has previously registered into the
system by prompting -for an assistant identification number {AIN) i process 210; or 3) identify a patient,

-12-
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having an assistant, who has previously registered into the system by prompting for the patient
identification number in process 212. One of a set of processes 202, 214 or 216 is vsed 1o register a
patient or assistant. H the vser is the patient, a patient registration process is used by the system to
register new or first-time patiemts in process 200. Jf the vser is not the patient, 2n assistant registiation
process is used by the system to repister new or first-time assistants in process 214. Then, if the patient
is not already registered, an assisted patient registration process is used by the system to register the
patient in process 236.

Gnce a vser has logged in or segisterdd, the system provides a choice of processes. The primary
process of concers in the turrent embodinent is the BMM process 220 that manages a disease or condition
of the patient. The DMM process 22D may access the laboratory test of choice database 260 or imaging
modality of choice database 258 in the course of disease management and s treatment table 250 to obtain
current treatment information for & particular disease or diagnosis. Associated with these processes are
& patient and assistant enrollment database 240, a consultation history database 242, 2 patient response
database 244, 2 medical history obiects database 246, 3 patient medication database 248, a pending
database 252, and 8 patient medical history database 254. These databases include an electranic medical
record for each patient that is registered with the medical system 100. The electronic medical record
contains all the information about each patient. A permissions database 56, a discases database 262 and
other DM specific databases 264 will be described hereinbetow. In another embodiment, other choices are
added 1o access other medical information processes.

13-
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TJOP-IEVEL SYSTEM FROCESS FLOW

Referring to Figores 43, 4b, 4¢ and 44, the top level How 300 of the medical management system
software will be desuiheq. A telephone number used to atcess the system 100 via the telephone may
vary in various embediments of the system. M the sponsoring agency or hospital wishes to provide actess

10 the medical management system 100 at no cost to the caller, then a tofl-free { e.g., 80D, 888 or other

. number) service number can be used. If the sponsoring agency or hospital wishes to recover the costs of

running the system 100 from the caller, it may vse a pay-per-call or premium charge number (e.p., 900
sesvice). "Current Procedural Terminology™ (CPT-4) codes are available to describe and bl third party

-payers for telephone consultations. They are a listing of the descriptive terms and identilying codes for

reporting medical services and procedures. CPT-4 codes are the most widely accepted nomenclature for
reporting physician services to insurance companies. ¥ aceess is provided to the system 100 via the
intesnet or other netwotk, an appropriate web address {or addresses) is provided to the user,

Beginning at a start state 302, the user 114 (Figure 1) desiring medical advice dials the telephone
nymber for the system 100 on the telephone 124 (Figure 2a). The user may be the patient or may be an
“assistant”, e.g., parent, relative, or friend, that is helping the patient. Alternatively, the user may access
the system 100 though the user computer 116, such as through the Internet as previously described.
Moving to state 304, the system 100 answers the call automatically and greets the calier 114 with an
introduttary greeting message by playing back a speech file stored on the system hard drive by use of 2
voice processing board, such as a B/310 avadable from Dialogic. Altemnatively, if the vser is using the
browser 120 (Figure 2a) or other user interface on the Internet 102, 3 greeting message is disployed to
the user on the visual display 118. Thus the system 100 communicates with the vser 114 either by the
tefephone or by messages displayed on the visual display. Subsequent steps in the process or function
Hlowcharts will only describe one form of wser communication for brevity purposes,

Proceeding at state 306, the system 100 asks 2ach patient who calls the system a series of
“initial screening questions.” - These questions are designed to identify patients who are critically ill; they
are not designed to identily the patient’s problem. The initial screening questions enable the system to
filter out patients who require immediate medical attention.

Moving to detision state 308, any patient found to be critically @ is mstructed to dial the
ermergency respense telephone nember "811 at state 309 or will be automatically connected to the nearest
emergency medical services system in the patient’s area. The session is terminated by process 300 at
state 310. The following are examples of initial screening guestions:

-14-
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® IS THIS A MEDICAL EMERGENCY?

. ARE YOU BAVING DIFFICULTY BREATHING?

. ARE YOU EXPERIENCING SEVERE PAIN DR PRESSURE IN YOUR CHEST?

If tha system determines that the patient is experignsing a medical emergency, it may provide the
patient with a menu of emergency medical procedures at state 331, In sitvations where the patiant or
the caller for the patient is far from the nesrest emergency help, e.g., a rural setting, the user may need
1o initiate emargency procedures immediately. The menu of emergency medical procedures provides several
choices to the vser. If the wser presses towch tone key "1" or speaks the word "one” into the telephone
mouvthpiece, process 300 branches to state 312 wherein well known CPR lcardiopulmonary resuscitation)
information is recited. i the user has a speakerphone capability associated with the telephone 124 being
used, the user may be able to listen to and perform the instructions given by the system 100 in a hands-
free manner away from the telephone. I the caller presses touch tone key "2" or speaks the word “two™
into the telephone mouthpiece, process 300 branches to state 313 wherein well known Heimiich Hug
information for choking is recited. At the completion of either state 312 ar state 313, the session ends
at state 313,

i the patient is determined at state 308 not to have a medical emergenty, ie., the system t00
is satistied that no immediately Kfe threatening condition is present, process 300 moves to a decision state
315 to determine if the user is the actual patiert. I so, process 300 proceeds to 2 decision state 316
to determine if the patient has previously registered or ever consulted with the system 100, ie., is not a
new or first-time caller. # so, the system 100 verifies the patient’s identification and tetrieves their
medical record at the patient login process Z00. At the tompletion of precess 200, process 300 procesds
through off-page connectos C 317 to state 344 (Figure 4d). M the patient is not registered, as determined
at decision state 316, the system 100 proceeds to the patient registration process 202 for a new patient.
At the completion of process 202, prozess 300 proceeds through off-page connector € 317 to state 344
on Figure 44,

i the user is oot the patient, as determined at state 315, process 300 proceeds through ofi-page
connecter A 318 to a decision state 320 on Figure 4b, There will be times when the patient may not be
able 10 use the system 100 directly, .5, due to injury, weakness or altered level of tonstiousness. In
these cases, an "assistant” may interatt with the system on behalf of the patient.

An assistant registers with the system through the assistant registration process 214. The
assistant registration record is identical to the patient registration record in structure, but three fields have
special significance for an assistant: ASST_PERM, ASST_EXP, and RELATIONS. The ASST PERM field
is a Boslean flag that can only be sat true off-ine by the system administrator who has verified, thraugh
separate means, that a relationship exists between a patient and an assistant. The relationships are one-to-
many, ie., a patient may have ore or more assistants, and an assistant may be related to more thén ofie
patient. The ASST_PERM flag may also be constrained by the ASST_EXP field, which contains a

-15-
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timestamp for the expiration of the ASST_PERAM attribute. H the ASST_PERM flag is true, then the
RELATIONS pointers will point to one or more patient records for whom this assistant is a “permanent
assistant,” otherwise the RELATIONS field will be empty.

The medical information gathered during an assisted consultation is written to the patient’s
medical record if the following three conditions are met:

{a} the assistant’s ASST_PERM fiap is True
b} the ASST_EXP timestamp bas not been reached
() the assistant has 2 relationship pointer to the patient record

I any of these corditions are not met, then a;ay new medical information gathered on this patient will be
saved to the Pending fle 252 (Figure 3) for off-fne verification by the system administrator.

The system 130 establishes at state 315 whether the user is the patient, or an assistant. If the
user is not the patient, then the system asserts that the uset is 2n sssistant and, at decision state 320,
determines if the assistant is registered. Jf the assistant is not abready registered with the system, the
system enrolls the new assistant at the assistant registration process 214. |f the assistant it already
registered with the system 100, process 300 performs the assistant login process 210, At the completion
of either process 214 or process 210, process 300 advances to a detision state a.

If the patient is not already registered with the system 100, as determined at decision state n,
then the system allows the assistant to register a new patient at the assisted patient registration precess
216. However, if the patient is already registered with the system 100, as determined at state 32,
process 300 performs the assisted patient login process 212, At the completion of process 216 or process
212, process 300 proceeds through off-page connector B 327 1o a decision state 334 on Figure 4c.

At decision state 334, process 300 determines if the patient’s date of birth is in the patient’s
medical record. If so, prozess 300 proceeds through off-page connector € 317 1o state 344 on Figure 4d.
f not, the system 100 attempts to get the patient’s date of birth. Moving 10 state 335, the system 100
asks the assistant if the patient’s date of birth is known. M so, process 300 advances to state 336 to
request the patient’s date of birth At state 337, the system 100 recites the patient’s date of birth
obtained at state 335. At a decision state 33B, the assistant determines #f the date of birth is correct
as retited by the system 300. U not, process 300 loops back to state 336 to reguest the patient’s date
of birth again. K the patient’s date of birth is comect, as determined at state 338, precess 300 flags the
date of bisth for saving in the patient’s medical record at state 339, and proceeds to state 344 on Figure
ad. '

I the patieot’s date of birth is not known, as determined at state 335, precess 300 proceeds
10 state 340 wherein the system requests the assistant to provide an approximate age of the patient. The
age is an important parameter nsed by the BMM process 220, the diagnostic module and the treatment
table 250. At state 341, the system 100 recites the patient’s approximate age obtained at state 340.
At a decision state 342, the assistant determines if the age is correct as recited by the system 100. If

not, process 300 loeps back to state 340 1o request the patient’s approximate age again. If the patient’s
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approximate age is correct, as determined at state 342, the system 100 advises the assistant at state 343
to get the patient’s actual date of birth before the next consuhtation, and proceeds to state 344 on Figure
4d. The system 100 pses the approximate age in the session during the diagnostic module and the
treatment table 250.

At state 344 on Figure 4d, the system 100 presents the user with a system selection menu.
Here, the taller is asked to select #rom amonp six choices: diagnostic system, treatment 1able, disease
management, audiojvisualfimage fbrary, avtomated demand management, or end session as described below:

A Diagnostic System: The system starts an evahsation process 280 at a menu, where it
asks the patient to begin identification of the complaint.

B. Treatment Table: The system takes the patient to the treatment table process 250 at
a menv, where it asks the patient 1o select 2 treatment selection method.

C. Disease Management: The system starts the DMM process 220 where it first
determines if the patient has previousty used the Discase Management Module. This
process is desesibed in detall below.

D. AutiofVisualfimape Lirary: The system starts a Audio/Visuzlilmage Library process 282
which lets a patient hear medical sounds, see medica! videos, o7 see medicat
phatographs or other images. '

E Avtomated Demand Management: The system starts an Automated Demand
Management process 284 to help the patient determine if a physician should be seen,
and i 0, who should be seen and when they should be visited,

F. End Session: The system performs several steps and then terminates the session.

At the exit point of the evaluation process 28D, the system 100 gives the patient the option of selecting
another complaint. At the end of the treatment table process 250, the system pives the patient the option
of seletting anather treatment. At the end of the audiolvisualfimage Bbrary process 282, the system 100
pives the patient the option of selecting another autio clip, video, or image. At the end of the automated
demand process 284, the system 100 gives the patient the option of receiving advice for another problem.

At the completion of the evalvation process 280, the treatment table process 250, the disease
manzagement module process 220, the avdiojvisualfimage Bbrary process 282, or the avtomated demand
management process 284, the system 100 loops datk to state 343 and apain provides the system selettion
meny for the user. I the vser chooses the End Session selection at state 344, the system 100 moves
to a decision state 345. At decision state 345, the system 100 determines if process 280, process 250,
process 220, or protess 2B4 did not oeeur in Information made, ie., did octur in either Real mode o
Pending Mode, and examines a symbol table associated for the currem patient to determine if any of the
configired memory variables are past medical history conditions that need o be saved to the patient’s
medical history file. U both conditions are true a1 state 345, the system 100 advances to a decision state
346 to detesminz if the consuhation i being performed in Real mode. If not, the tonsultation is being
performed in Pending mode, and the system 100 then writes any new patient information obtained during
the consultation to the Pending file 252 at state 347.

it decision state 346 proves to be true, i.e., Real mode, for each past medical condition that needs

1o be saved, the system 10D asks the patient at state 348 tg grant permission to save the datum to the
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patient’s medical history file and to confirm that the datum is correct. For example, during @ consuhtation
for cough, the system 100 may have learned that the patient has been diagnosed as being HIV positive.
The system 100 will ask, "May | record the information about your KIV diagnosis in your medical record?”
If the patient responds “yes”, then the system 100 will ask, “Please verify that your diagnosis for HIV was
positive, is this correct?” I the patient responds “yes”, then the system 100 writes the diagnesis, and
a score indicative of system accuracy o the patient's medical history fle. After confirmation, each data
item is stored in the patient’s file in the patient medical history database 254 (Figure 3).

At the completion of either updating-the patient medical history database 254 at state 348, or
state 345 proves to be false, or at the completion of state 347, the process 300 moves to a decision
state 349. Before the system 100 ends the consultation with the patient, it presents a summary of all
the advice it hos given. In a telephonic session, the patient is asked to write down and repeat back the
key points. The system 100 then gives the patient the option of receiving a summary of the tonsultation
session and specific recommendations provided by the system via facsimile, electronic mail (E-mail) or a mail
service, such as first-class mail if a fax or E-mail is desired, process 300 moves to a decision state 350
to determine i information to send the summary and recommendations is available in the system. |f not,
process 300 asks the patient for the information, e.g., a fax number, E-mail addréss or'mail address, at
state 352. The patient also has the option to send a summary of the consultation to his or her health care
provider or specialist. Proceeding to state 351, process 300 adds the transeript of the current telephone
session 10 a 1ax queve or an E-mail queue, as desired, for subsequent transmission. Al the completion of
state 357 or if process 300 determined at state 349 that the session transcript was net to be sent, the
session is terminated at state 353,
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DISEASE MANAGEMENT OVERVIEW

The present invention inchudes 2 computer program called a Disease Management Module
(DMM). The disease management module is one of several high-level service modules that perform
automated medicel services for the osers of the medical management system 100. In this context,
disease management (DM) means the continuing medical care of a patient who has been diagnosed with
a specified health problem called a disease. The DDM may continue care throughout a patient’s
itetome. The DMM performs disease management in 2 fully avtomated manner, using periodic
interactive dialogs with the patient to obtain health state measurements from the patient, to evaluate
and assess the progress of the patient’s disease, 10 review and adjust therapy to optimal levels, and
to give the patient medica! advice for administering treatment and handling symptom flare-ups and acute
episodes of the disease. The goal of the disease mzragement module is to promote patient health in
an auvtomated manner that reduces costly medica! intervention.

Various features of the DMM softwaras are specifically designed 1o accumulate and vsa
patient-specific information, so that disease management can be tailored more to eath individual case.
As the modute manages a given patient over time, it bulds a profile of the case, in the form of the
trequency and reasons for the patient’s contacts with the DMM, the patient's subjective understanding
of the disease, the patient’s chjective response 1o various medical treatments, and the patient’s
preferences in treatment. The module then uses that knowledge to adjust its internal procedures, so
that they adapt more to the spetific patient.

When a patient is first admitted to DM, the DMM suns a registration procedure that verifies
the patiant’s medical history, initializes the initial therapy fos the patient’s disease, and sets up 2
schedute for patient contacts. Fos every registered DM patient, the DMM conducts perindic automated
sessions with the patient. During each session, the DMM obtains and updates the patient’s medical
history with the ltest health measurements, analyzres and assesses patient health as needed, adjusts
therapy as needed, and gives the patient appropriate medicat advice. At the end of each session, the
DMM schedules the next session. Ultimately, the DMM discharges patients by moving them from the
disease management statas to another state such as ia the medica) care of @ human physician, to the
care of the diagnostic module of the medical system, or to a normal health state with the appropriste
fallow-tp health checkups,

The DMM module is now summarized here in terms of its overall teatures, so as to put the
features into the overall context. Each feature will be further descrived hereinbelow, .

In 2l of its contacts with patients, the BMM must insure that it complies with a large number
of permissions, consents, and authorizations granted by various agents and agenties. The DMM uses
the Permissions database to manage these control data,

To condact onlfing interactive dizlops with patients (o5 their agents), the DMM uses scripts,

Scripts are special computer programs capable of outputting text and guestions to 2 patient, waiting for
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2 response from the patien, recording the response, and taking further action based on the response.
The deveiopment and use of scripts has been described in PCT applications taking priority from U.S.
Application No. 08/853,402, fRed July 11, 1997, entitled “Computerized Medical Diagnostic and
Treatment Advice System inchiding List Based Processing” and frem U.S. Application No. 08/893,912,
fded July 11, 1997, entitled “Computerized Medical Diagnostic and Treatment Advice System including
Network Access”.

A normal online dialog with a patient takes the genersl form of a sequence of questions asked
by a stript, and answers provided by the patient. As the script runs, it considers the patient’s current
status, selects a question, and presents the question to the patient. The patient responds, the stript
analyzes the response, selects another guestion, and so on until the session is normally terminated.

A script Preview Mode for the DMM allows the patient to answer a question in a “look

shead” mode, o see what the consequences of s given response would be, without formally selecting

the response. Abnormal script tenminations can be handled by the DMM in an intelligent, proactive
manner using a No-Response function. if a patient suddenly fails to respond in the middle of 3 dialog,
this function can ése all that is known about the patient, the patient's location, and the disease being
managed to respond proactively, including - if necessary - the ability to contact the patient’s nearest
emergency assistance facifity or 10 call 511 for the patient.

The DMM performs all of its contact with patients in the form of Disease Management
sessions, which are regularly scheduled, anfine dialogs with the patient. A DM session can be iitiated
by either the patient cailing the medical system (inbound), or by the system calling the patient
{outbound). Every DM session consists of four majar tasks performed in the following sequence: Open
Session, Health Assessment, Thesapy Optimization, and Close Session.

The Dpen Session task initializes data and registers patients. The task uses the patient’s
health history and the disease being managed to establish the assessment heatth parameters that are to
be measured and tratked, including selevant thresholds, Bmits, ranges, and critical vakues. b also gives
patients instructions on how to observe symptoms, perform health measorements, assess their health,
ang prospectively trend their disease.

The Heatth Assessment task obtains health measurements from the patient for the interval
since the fast session, encodes symptom deseriptions using a PQRST Asmay, and calculates various
refevant health counts, pattems, and trends. h analyzes health state vsing a Correlation Assessment
kunction and a Critical Curve Assessment function. The Correlation Assessment function uses a
Subjective-Obiective Correlstion Factor (SOCF), a statistica) measure of how well 2 given patient tan
assess histher own disease state and progress, 10 assess the patient’s health based en subjettive data.
The PORST Anay is an encoding scheme used to convert subjective descriptions of pain symptoms into
a DMM-wide digitized pain code. The Critical Curve is a time-plot of specified health parameters that
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the DMM can compare 1o standard eritical curves to detect or predict vapid deterioration of patient
health.

Finally, the Health Assessment task decides what action to take for the patient, such as
referring the patient ort of the system, 10 seek human medical attention; or referring the patient to the
diagnostic medule process for diagnosis of a new symptom; or proceeding to the next task to determine
the next therapy step for the patient.

The third task of the DM session is Therapy Optimization, whose express goal is 1o adjust
therapy step by step in 2 manner that balances the risks and benefits, maximizes efficacy and
minimizes adverse side effects, and converges to an optimum therapy for this patient over the lonp
term. The task selects one of several possible therapies from a treatment table, adjusts dosapes in
small steps as controfled by a Patient Consent Leve! function, presents the risks and benefits 1o the
patient, and lets the patient actept or reject the recommendation. I the patient rejects, the task
computes the next best therapy, and the next, until it reaches a mit that is stored in the Permissions
database. In alt of its work, the task consults a Therapeutic Alteration Permission Leve! {TAPL} 1o
determine how much authority it Bas to modify therapy automatically. M the task has too fttle
authority to recommend a therapy, or il the patienf rejects ll therapy suggestions, the task refers the
patient to 2 human physitian.

The final task of the DM session, Close Session, stores alt of the assessment measurements,
parameters, and decision fartors in the patient’s medical history database. The task also processes the
thesapy changes that the patient accepted, issues relevant instructions 1o the patient, and finally
reschedules the patient for the next session. Then the 1ask initiates processes to output various
session fogs and reports requested during the session, and finally, the DMM saves the relevant data
and termmates the current DM session. The DMM is aow done with this patient untd the next session
repeats the process.

DISEASE AANASEIENT B0DULF

Referring to figure 5, the process 220 will be described. Process 220 comprises the
executable postion of the Disease Management Module (DMM), whith conducts an onfine, interactive
dizlog with a patient for the puspose of managing 2 known disease of the patient. Process 220
consists of four processes 404, 405, 408, and 430. A DM session starts when control is passed 1o
program 220 at the start nede 402. From the stant node 402, process 220 invokes process 404,
whith performs initialization, file opening, and registration functions as described in conjunction with
Figure § below. When protess 404 returns contro) to process 220, process 220 next invokes process
406, which inputs heaith measurements from the patient, analyzes them, and assesses the patient’s
current health state. When process 406 returns control to process 220, process 220 next invokes

process 408, which computes an optimum next therapy step that is accepted by the patient. When
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process 408 returns control 1o process 220, process 220 next invokes process 410, which outputs
various reports, saves session data, and closes working files. When process 410 returns control to
process 220, process 220 passes contro! .m step 412. Step 412 returns control to the process that
invoked process 220 at node 402 .

OPEN SESSION

Referring 10 Figure 6, the process 404 will be described. Process 4D4 establishes the data
needed to conduct a DM session. h reisters patients that are new to the BMM and loads existing
data for patients that have previonsly conducted BM sessions. Finally, process 404 creates a Disease
Management Order(DMD) record, in whith the cumulative decisions made by the DMM during this DM
session are stored. The DMO is further described in section Disease Management Order.  Process 404
receives-:nmm! ot the start node 430. Next, process 220 paxses control to decision 432, which looks
up the patient’s identification in the DM register to see whather the patient is a registered, i.e. has
tonducted previous DM sessions. If the patient is not repistered, process 404 passes control to step
434, otherwise to stepd52, which will be described later in this section.

Step 434 is the first of seven successive steps 434, 436, 438, 440, 442, 444, 446 that
register a patient for Disease Management. Step 434 cutputs messages to greet and inform the
patient that s/he is about to begin registration for DM. Next, step 436 inputs the name of the disease
to be managed. Next, step 438 interviews the patient to input data reguired to conduct Disease
Management, including the name of a representative that can speak for the patient, the name and
location of the patient’s physician, names and telephenes emergency facifities near the patient, and so
on. Next, step 440 creates a reeord for the new patiemt in the DM registry. Next, step 442
establishes the patient as a registered DM patient. Next, step 444 creates 2 new data record for use
by the DMM in the patient’s database. Next, step 446 creates a new data record for session data in
the session database. Step 446 completes the registration of the patient as a rew DM patient. After
step 446, control goes to step 448, which creates a new creates a Disease Management Drder [DMO}
record, in which the cumulative decisions made by the DMM during this DM session are stored. Step
448 initialzes the DM to indicate that this patient is 2 newly registered DM patient and needs an
initia! health assessment. After step 448, process 404 passes control to step 450, which returns
tontrol to the process that called process 404.

Continuing now to describe process 404 at step 452 Step 452 retrieves the patient’s *
medical record from the patient database. After step 452, control passes to step 454, which loads the
last DM session data for this patient trom the session database. After step 454, control passes to
step 455, which confirms that the last session terminated normally and sets appropriate control data if
it did not. After step 456, contro! passes to step 458, which initialzes the DMO to indicate that this
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patient needs a current haalth assessment in subsequent processing, After step 458, control passes to

step 450, which retums control to the process that ealled process 404.

HEALTH ASSESSMENT

Referring to Figure 7, the pracess 406 will be described. Process 405 performs the health
assessment for the DM session. It is basically a staging process that invokes other processes that
perform health assessment of the patient. Process 408 receives control ot start node 480, After node
4BD, process 406 invokes process 482, which is named the Significant Symptom Filter and will bg
described below in conjunction with Figure 8. When process 462 returns control, process 406 passes
control to the test 484, which tests the DMD retord code to determine whether this patient is @ new
DM registrant or a seturning DM patient. For new patients, process 406 invokes node 488, which
axsesses the health of newly registered patients and will be described below in conjunction with Figure
10. For cumrent patients, process 406 invokes node 450, which performs the heaith assessment for
returning DM patients and will be described below in conjunction with Figure 31. After heatth

assessment for new of returning patients is completed, process 406 returns control 3t node 482.

SIGNIFICANT SYMPTOM FILTER

Referring to Figure 8, the process 482 will be described. Process 452 applies several tests to0.
the patients current sympioms to classify the patient’s current health state, decide on specific
assessment needs and their reasons, and forward this assessment 1o subsequent DM processes. These
needs are saved in the patient’s DMD, which is then processed by subsequent BMM rovtines. The DMO
record is described lates in section Disease D;‘Iauagemem Order.

FProcess 482 receives control at start node 510. From there, it passes control to test node
512, which represents the first filter by asking the patient whether sfhe is having any significant
symptoms at present. M the patient is not having significant symptoms, sie can be assessed by
avtomated mesns, and therefore protess 482 passes controd to step 544, Step 544 which sets the
DMD record code to indicate that this patient’s health needs to be further assessed by subsequent
routines.  The control returs via node 525

if, at node 512, the patient is currently having significant symptoms, then process 482 needs
to determine whether or aot the patient has a symptom related to the disease being managed. 7o do
this, process 482 passes control first to step 514, which inputs the symptom from the patient and
tooks it up in a table of related symptoms, and next to test 516, which branches to node 520 if the
symptom is related to the disease beirg managed, snd branthes to node 530 otherwise. This
completes the second fites, which has now identified patients with and without significant related

symptoms.
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M, at node 516, the patient does have a related symptom, process 482 invokes the Severity
Assessment function 520 to fusther classify the related symptom as mild or severe. For patients with
severe related symptoms, process 482 passes control to step 522, whith sets the DMD record 1o
indicate the findings so far. From step 522, eontro! returns via node 526. Buot if at test 520, the
symptom is judged to be mild, then process 482 passes contral 10 node 524, which sets the DMO
record to indicate need for normal health assessment. From node 524, process 482 returns control via
node 526.

i, at node ;')1 B, the patient does pot have a related symptom, process 482 needs 1o
determine whether o7 not the patient has a side effect related to the current therapy of the patient.
To do this, process 482 passes control first to step 530, which fooks up the patient’s symptem in 2
table of side effects of the current therapy. Process 482 next passes eontrol {0 test 532, which is a
fiiter that determines side effect symptoms. If the patient’s symptom is a side effect, process 482
invokes the Severity Assessment function 520 to classify the side effect as mid of severe. For mild
side effects, process 482 passes control to node 536, whith sets the DMO record to be assessed by
subsequent processing. For severe side effects, process 482 passes control first to step 534, which
marks the DMD record to refer the patient out of the system to 2 human physician, and then returs
1o the calling process via node 526.

If, at test 532, the patient’s symptom is not 2 side effect, the symptom is a significant
symptom unrelated to either the disease being managed or to the therapy being applied. Process 482
invokes the Severity Assessment function 520 to clessify the symptom as mild or severe. For mild
symptoms, process 482 passes tontrol to node 542, which sets the BMO record tiag to force a special
discussion with the patient after all DM processing is performed, and notes the reasons for the
discussion. Then process 482 passes control fifst 10 node 544 which sets the DMO record to lorce
subsequent health assessment and next to node 526, which returns to the process that ealled process
482. For severs unrelated symptoms, process 482 passes control first to step 540, which marks the
DMD secord to refer the patient out of the system 10 2 human physician, and then returns to the
calling protess via node 526.

SEVERITY ASSESSIIENT

Refersing to Figure 9, the Severity Assessment function 520 will be described. This funetion
bses & rumber of criteria to decide whether a given symptom is to be considered mid or severe for the
BM assessment purposes. Function 520 receives control at start node 560, where it begins a
sequence of 6 consecutive steps and then retorns the computed result. Firsy, function 520 passes
control to nede 562, which asks the patient to rank the symptom’s severify on 3 scale of O to 0.
Next, function 520 passes contro! 1o pode 564, which obtains the absolute severity scale of the

symptom itsel} from the symptoms database. Ditferemt symptoms have ditferent severity scales, and
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the patient’s ranking is now matched to that of the symptom. Therefor, next, function 520 passes
tontrol to node 566, which normalizes the patient's ranking, so that it is expressed in terms of the
symptom’s severity scafe. Next, function 520 passes control to node 568, which uses the Sensitivity
Factor Set to adjust the normalired severity ranking up or down, depending on the current sensitivity
satting of the DMM. Thus, the higher the Sensitivity, the more conservative the system is in its
assessments. At the lowest Sensitivity setting, all symptoms severity ratings will be considered mild.
Next, function 520 passes eontrot to node 570, which converts the final adjusted ranking into 2
classifications, mild or severe. ft is imburtant ‘te note that this final step can, in other contexts,
classily the final ranking into any number of gradations; but for the current assessment purpose, the
symptom must be classified as mild or severe. Next, function 520 passes control to node 572, which

reterns 2 code for either “mild” or “severe” 1o the calling process,

INITIAL REALTH ASSESSMENT

Referring to Figure 10, the protess 488 will be described. This process performs a health
assessment for pﬁhnts who are having their first Disease Management session. Process 488 receives
control at node 600. Process 4BB then passes control to nods 602, whith loads the health
assessment specifications for the disease being managed from the disease database. These
specifications inchide various parameters to be used in Disease Management sessicns, such as patient
instructions, choices of therapies, permissions required, and so on. After these values are obtained,
process 488 passes control to node 604, whith initializes 2 DM session segment in the patient’s
medical history and the sessions database. Thesn, process 488 passes controf to nede 606, which
tonducts an initial health interview 10 ask the patient for 2 subjective assessment of cusrent heatth,
for any objective health measurements the patient may have available, any pre-existing therapy or side
effects, and so on. Then process 488 passes control 10 node 508, which returns control to the calling

process.

CURRENT HEALTH ASSESSMENT

Referring to Figure 11, the process 480 will be described. This process ebtains current health
data from the patiest in three forms: subjective fie. as perceived or feh by the patient), objective fi.e.
as measured by the patient, typically with an instrument), and side eflects noted by the patient. These
heaith measurements are then used 1o analyze the curent health state. Process 460 receives control
at node 620. From node 62D, protess 490 passes control o test B22, which examines the current
DMD secord of the patient to determine what processing has been done and what needs to be done. If
the DMO record code dees not indicate that 2 health assessment is required, process 480 passes
tontral to node 634, which returns control to the calling process. M a heatth assessment is required,

process 480 passes control 1o 2 sequence of 5 steps that obtain various health assessments. First,
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precess 490 passes control to step 624, which asks the patient for a subjective assessment of the
patient’s current health state. Next, process 43 passes control to step 626, which asks the patient
for objective health measurements of the patient’s current health state. Next, process 490 passes
control to step 628, which asks the patient for any current sida effects. Next, process 490 invokes
the Correlation Assessment function 630. This function is described in conjunction with Figure 12,

_Next, process 480 passes awokes the Critical Curve Assessment function 640, This function is

described in conjunction with Figure 13. Next, process 490 paises control to step 632, whith retomns
control to the calling process. *

CORRELATION ASSESSHUENT

Referring to Figure 12, the process 630 will be described.

This function computes and standardizes the SOCF for recently added data, computes other
assessment parameters and statistics, and updates the patient medical histery. Finally, it invokes the
health assessment function again to il in data gaps for the interval since the last session.

Process feceives contsol at start node 650. Then process 630 passes control to step
652, which obtains any new health data that have been added o the patient’s medical history since
the last DM session. Then process 630 passes control to step 654, whith computes new points on
the raw SOCF time plot by taking the ratio of subjective to objective measurement for the same time
and updating the raw SOCF time plot array with the new points. Then process 63D passes control to
step 656, which applies standard statistical normabization ang curve-fitting tethnigues to normalize the
taw SOCF points and cbtain a single eurrent SOCF that is high in patients whose subjective assessment
tends to match their objective health measurements, and low in patients whose subjettive assessments
tend to be inaccurate by comparison with their objective heaith measurements. Step 656 akso
computes other parameters used in the rest of the DM session, such es the slape and slope trend for
the most recent 3 data peints and the ditference between patient's measurements and normal
measurements. Step 655 also determines whether there are large gaps in the patient's health data,
that need to be filled retroactively in by an interval assessment. Step 656 sets the DMO code
appropriately 1o call for another assessment. Then process 630 passes contro! to step 658, which
update the patient’s medical himty'with the computed assessment parameters. Then prozess 630
passes control 1o test 660, which determines whether the patient’s health is to be assessed again for
missing interval data. I test 660 determines that no fusther assessment is required, process 630
passes control to terminal node 662, which returns control to the calling process. If test 660
determines that another sound of beatth assessment is required, pfotéss 630 passes contra! to test
664. Test 664 determines the type of data to be re-assessed for the interval. M test 654 determines
that objective data are available, process 630 invokes Health Assessmens process 450, passing a

paramater that asks for both. subjective and objective patient health data 1o be assessed for the
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interval. Then process 630 passes control to terminal node 674, which returns control to the talling
process. If test €64 determines that objective data are not svaflable, process 630 invokes Health
Assessment process 490, passing a parameter that asks for only subjective patient hezlth assessments
to be obtained for the interval Then process 630 passes control to terminal node 672, which returns
controf to the calling process.

CRITICAL CURVE ASSESSMENT

Critical Curve Assessment is a DM process for monitoring patient health for significant
deterioration. A critical curve is defined as a plot of a health measurement apainst time that is used to
identify significant changes in health state. The Critical Curve Assessment process selects a disease-
and patient-specific heakth parameter, plots it as a critical curve, updates the critical curve as a normal
port of continuing DM sessions, and takes specific action if the patient’s critital curve exhibits spetific
esitical points, slopes, and slope trends, The process is based on comparing the patient’s critical curve
to standard, disease-specific eritical curves. A constant, high ordinate value indicates good health; 2
deckning curve indicates declining health; a sharp drop in the curve indicates a health erisis, The
“eritical point” on the curve is a point that predicts & significant decfine in health,

An example of a generic critical curve is shown in Figure 23, which contains a point circled as
the “eritical point”. Referring to Figure 23, it will be noted that, at the critical point, the slope of the
curve (ie. the fne tangent to the curve at the eritical point] is sharply nebal'we, which predicts that the
rext health measurement will be lower than the critical point.  Moreover, at the critical peint, the rate
of slope change may also be negative, indicating that the slope of the enrve is decreasing even more,
predicts a rapidly deteriorating health state. For brevity, these three critical test items are typically
referred 1o in the DMM processes as the eritical point, slope, and trend. They are calculated using the
last three heakh meesurement points. For critical curves with sufficient data points, curve fitting
technigues can also be used. '

The DMM has a database of diseases 262 {Figure 3) that contain standard eritical curves for
various diseases, patient populations, and health parameters. Tha Critica! Curve Assessment process
extracts the appropriate disease data set, selets an appropriate heahth parameter to be vsed, adapts
it for the current patient, and saves it as the standard curve for the currem patient in the patient’s
medica) history 254 {Figwre 31 As the DMM periodically dialogs with the patient, the Critical Curve
Assessment process obtains eurrent data from the patient, plots them on the patient’s eritical eurve,
and uses evrve-fitting and pattern matching technigues to compare the patient’s actual CC to the
patient’s standard CC. This comparison enables the DMM to detett key points and trends on the
patient’s curve, such as the “critical point” that predicts a signilicant impending health decline. When
the curve approaches this critical point, the Critica! Curve Assessment metheod orders alterations in

therapy that will prevent the predicted deterioration, or sets a flag to refer the patient 10 a health care
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provider. Both objective and subjective health data are used to plot the CC, especially if the
Subjective-Objective Comelation Factor (SOCF) is high (which means that the patient knows hisfher

disease process well and the DMM can rely on the patient’s responses more 2nd more).

Homepstasis
The concept of homeostasis, as described by Claude Bernard, is helpful in understanding the
concepts behind the Critical Curve énd its analysis. ' Brigfly, hemeostasis is a state of dynamic
equilbrium of the body. This equifibrium is mainteined by various internal control mechanisms that
force certain system parameters to remain within 2 desired range. Using these homepstatic
mechanisms, the body is able to tolerate disease up to a certain point, 8t which time progression of the

disease begins to accelerate. Good examples of this are:

* the bicarbonate buffering system for maintenance of blood pH,
® the oxyhemoglobin disassociatien curve, and
L the deterioration of 2 patient with chronic obstructive pulmonary disease,

The Critical Lorve
The Critical Corve (CC) describes the patient’s health state during a bout with discase. The

curve plots the patieat's health state against time, starting initiafly at a (high) normal state of heahh

and descending— as the nﬁs-mse progresses — 10 a lower state of health.

- A normal, disease-free patient will have a fairly steaiiy plot at a high level of health. The
initial part of the curve is asymptotic to normal health because the healthy body can often resist
disease for some time by using reserve capacities and internal defense mechanisms. After the initial
phase, the bealth curve begins to descend at o steeper and steeper angle, a5 reserves are used up and
the disease is established and produtes secondary effects. At seme eritical point, the curve steepens
so dramatically that the patient’s condition may deteriorate quickly. .

Many physiologic paremeters have a characteristic response 1o change, being able to
£ompensate up 1o a point, and then responding with very lerge changes in signal findings to small
changes in the progression of the disease. M is very important to know where the patient is an the
Critical Curve, becavse if the expression of the disease in this patient is about to accelerate significant
intervention is sequired. When there is an indization or even 2 suspicion that the patient’s condition is
approaching the steep area of the health curve, the DMM can recommend a change in therapy o
tonsultation with the patient’s health caregiver. If confirmation of the chenge of the heahth state is
required, the DMM reenter feature allows the DMM system to confirm its hypothesis before making
recommendatisns.

Lritical Corve Analysi
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For a patient with a known disease, who is managing the disease at home with suitable
maintenance therapy, the DMM monitors the patient’s periodic contacts and health state reports. When
the trend fine indicates that the patient’s health curve is reaching the critical point, the DMM can
change the therapy andjor notify the patient’s physician. Since patients can go for months successfully
managing their disease, this Curve analysis approach can save a significant number of unnecessary
physician visits, yet inform the physician and the patient at once when 2 change in health state
indicates that the eritical point is being approached,

Obviously, it is best to use an easily 'quantifiahle parameter as 2 marker for the progression of
the disease in question 10 embody this curve, but it the subjective-objective correlation is kighin 2
given patient, their subjective evaluation can accomplish the same thing.

The system measures the tidal volume and peak flow rates aver time. I it is found that small
changes in tidal velume make large differences in the patient's impression of the severity of their
disease (comparer to the changes made previously in this patient), the patient is on the steep part of
the curve. A flag is set and significant intervention is necessary.

If the therapeutic alteration permission tevel is set low, then the patient is referred to his
physician, and the patient’s doctor receives a report, frequently a fax, e-mail or dewnloads about the
new developments. If the therapeutic alieration level is set high, then therapeutic optimization may
occur before the patient sees his physician. A report is sent to the physitian and the patient may or
may not have to be seen.

It is this analysis and the recopnition of this relationship that constitutes the "curve® analysis of the
health state.

Example: Chroni Dbstructive Pulmsnary Dispase

We will discuss chronic obstructive putnanary gisease as an example, Chronic ehstructive
pulmonary disease slowly destroys hung tissue. As mentioned, many physiologic parameters have the
same response to changes, being able to compensate up to a point, and then, after that reserve
capatity is gone, very small changes in the disease state produce very large changes in the expression
of the progressian of the disease in the patient its early phase, the patient with chronic chstructive
pulmonary disease loses only reserve lung capacity, so there is no significant change in the resting
health state. After the reserve tissve has been destroyed, a thresheld & reached beyond whith smaller
and smaller time increments {and progression of the disease process) will produte more and mare
profound deterioration in the patient’s abifity to blow off carbon diexide and oxygenate the blocd.
Ultimately, even a very smafl change in chronic obstrugtive pulmonary disease results in respiratory

failure.

-29-




10

15

0

K1

35

-27-

When we start to see larger and larger decrements to putmonary function plotted against time,
the patient is reaching the critical part of the curve. Significant intervention is necessary and should be
started as soon as possible.

The Critical Curve Assessment protess is especially effective in the DMM setting because the

DMM:
® is fully automated,
] tracks patient health through time,
. has various modufes that track and comelate patient contacts,
° knows the patient (history, Subjective-Objective Correlation Factor)
® kas access to databases of medical knowledge,
. tan analyze disease progress using mathematical trend analysis, and
~ ] tan select alternate therapies as reguired by ahtered conditions.

Referring to Figure 13, the Critical Curve Assessment function 640 will be described. This
lunction has two phases. The first phase {starting at node 702) updates the patient's critical curve
with health measurements added to the patient’s medical history since the last eritical curve
sssessment. The second phase (starting at node 712) compares the patient’s actual eritical cutve to
the standard critical eurve used for this patient. U a patient is at lor is approaching) a critical part of
the curve, this suggests the possiblity of rapid deterioration of the disease being managed, and the
patient is referred to a human physician for consultation.

Process 640 receives control at start node 700. Then process 640 passes control to step
702, which updates the patient’s actual critical curve with new health measurements. Next, process
640 passes contral to step 704, which analyzes the patient’s updated criticat curve to obtain the
latest eritical curve point, siope, and 3-point trend. Next process 630 passes control to step 706,
which saves the patient’s critical curve data in the patient medical histery. Next, process 540 passes
control to test 708, which examines the BMO record code to see whether the patient’s critical peints
should be assessed. 1f the patient’s critical points should not be assessed, process 640 passes contro
to terminal node 710, which retusns control to the coling process. H the test 708 indicates that
health assessment is needed, process 640 passes control to step 712,

Step 712 begins the assessment phase of protess 640. Step 712 retrieves or computes the
working data needed to use the critical curve to assess patient health. Working data include the
patient’s latest actual heahth point and sispe, the matching poim and slope on the patient’s standard
critical curve, and the thresholds used to rule the patient as eritical for each set. When step 712 has
computed these working data, process 640 passes tontro! to test 714.

Test 714 begins a sequence of steps that examine the patient’s eritical point. 1 test 714
finds that the patient’s latest health point is not available o7 tannot be matched on the standard curve,

process B40 passes control to terminzl nade 716 which passes control to the calling process. If test
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714 determines that the latest health point is available, then process 640 passes control to step 718
which compares the difference between the actual and standard critical health points, Then process
640 passes control to test 720. 1 test 720 finds that the patient does meet or exceed the critical
point threshold, process 640 passes control to step 722, which sets the DMO record 1o refer the
patient to @ human physician for consultation. Then process 540 passes control to terminal node 724,
which returns control to the calling process. if test 720 finds that the patient does not meet the
tritical point threshold, process 64D passes controf to test 726,

Test 726 begins a sequence of steps that examine the patient's critical slope. M test 725
determines that the critical slope is not available, process G40 passes control 10 terminal node 724
which returns control te the calling process. I test 726 determines that the actual slope is avaflable,
process 640 passes control to 728, which compares the dilference between the acteal and standard
critizal stopes. Then process 540 passes control to test 730. ¥ test 730 determines that the patiemt
is below the eritical slope thresheld, process 640 passes control to node 724, which returns control to
the calling process. If test 730 determines that the pa;ient does meet or exceed the eritical slope
threshold, protess 640 passes control to node 732, which sets the DMD record to refer the patient to
2 human physician for consultation. Then prozess 640 passes control 10 node 724, whith returns

control to the calling process.

THERAPY OPTIMIZATION

Therapy Optimization tonsists of a set of processes that review and adjust patient therapy
from session to session, with a long-term goal of maximizing efficacy, minimizing adverse side effects,
and maintain patient cooperation and atceptante of the recommended therapy. The Therapy
Optimization processes select therapy parameters from medical treatment tables and track patient-
specific efficacy by reviewing subjective and nbiecti?'e patient health data from session to session. The
Therapy Optimization process selects from muttiple therapies. It seeks to minimize side efects by
offering the patient the choice of alternate therapies, and by adjusting therapy dosage levels untit the
patient finds the appropriate comfort level. Disagreements between the DMM and the patient are
resolved by referring the patient to a human physician for face-to-face consultation and advics.
Therapy Optimization is guided and controlled by the Therapy Optimization Permission Level [TAPL), a
BMM-global variable that specifies the amount of avtonomy that the DMM has to ahter therapy. The
TAPL is described in 2 separate section below, - )

After the patient bealth state has been assessed, the Therapy Bptimization process reviews
and adjusts (to the extent the TAPL allows it) the patient’s treatment to achieve the best eombinaticn
of several subgoals of the overall goal of restoring normal health. The Therapy Optimization process
also seeks to minimize treatment side effects. To the extent allowed by the current TAPL setting, the
DMM will gradually titrate the dose of @ medication untd the benefitfside effect ralio is maximized. The
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overall idea is to achieve the desired physiological changes with the fewest side effects. Initial
treatment is selected from 2 treatment table based on disease, age, and sex. Due to the wide range of
sesponses 1o treatments by different patients, once a drug has been selected as the therapy for a given
disease, the different formulation, dosing, administering methods ang timing are, in effect, a matter of
trial and ervor for @ specific patient. To review therapy, the Therapy Optimization task compares the
patient’s current therapy to the treatment table to detect and analyze differences. If a new treatment
is available, the patient and the healthcare giver are notified, and the therapy may be altered, depending
on the TAPL. To maximize the therapeutic résull and minimize side effects, the Function can select the
initial therapy, review the patient’s eurrent therapy, adjust various parameters of the therapy, and
maonitor the effect of these changes.

Therapy parameters that can be changed inchede drug class, type, brand, dose, route, mode of drup
administration, formulation, timing, and frequency. As each of these is modified, the patient’s health
dats end side effects are checked to see if the current modification of therapy makes the patient
better, and so on. Each therapy parameter is sequentially altered on a trial and error basis to find the
overall best combinatinn of therapy parameters. When the DMM adjusts a patient’s therapy, it adjusts
the DM session schedule appropriately, typically instructing the patient to re-enter the system within 2
tew iterations of therapy or dosage.

Side effect minimization is a spacial goal of the Therapy Optimization precess, which seeks to
redure the undesirable side effects of therapy. This task Hlustrates the complex, trialand-error methods
used by the BMM to Therapy Dptimization feature. Example 3: In cancer patients there is a point at
which patients receiving chemotherapy decide that the side effects are not worth the slowing of the
progression of the disease. At that point, one “backs off” {detreases the dosage), knowing that any
forther increase will be futile. The process becomes more compBicated if multiple drugs are involved,
but the same relationships hold. Example 2: Albuterolmetered dose inhalers help the wheezing of
asthma patients, But at a certain patient-specific dose, the side effects get so bad, that the patient
cannot tolerate them. At that point, the dosape is bached off in small steps to i;et the best ratio of
efficacy to side effects.

Referring to Figure 14, the Therapy Optimization process 408 will be described. Process 408
performs the therapy phase of the DM session. This phase computes the next best therapy step that
is accepted by the patient, using two majer subordinate processes and a loop that tries varicus
therapies until the patient accepls one. The general poal of process 408 is to select therapy steps in a
manner that optimizes therapy over the long term, by maximizing efficacy, minimizing side effects, and
afjusting therapy types and medalities to meet the patient’s comfori level. Process 408 receives
control at start pode 760. Then, process 408 passes control to test 762, which tests whether the
patient provided current ohiective health measurements during the earlier part of this DM session. If
test 762 finds that the patient did not provide current ebjective health data, process 408 passes
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control to test 782, which tests whether the patient entered a subjective assessment of hisher heahth
during the earfier part of the DM session. ¥ test 782 finds that the patient provided a subjective
health assessment, process 408 invokes process 790. Process 790 adjusts the therapy based on
current subjective health data. Process 790 is detailed below in conjunction with Figure 15, When
process 790 returns control, process 408 passes control to terminal node 792, which returns control to
the calling process. If test 782 finds that the patient did not provide a current subjective health
assessment, process 408 passes control to 784, which sets the DMO record to refer the patient to a
human physician for consultation. Then, protess 408 passes control 10 terminat node 786, which
returns control to the calling process.

If test 762 finds that the patient did provide current objective health data, process 408
passes control to step 764, which initializes a loop that will try various therapies until the patient
aceepts one or ontil the number of retries is exhavsted, whichever oceurs first. Step 764 obtains the
maximum number of therapy permitted from the permissions database for this patient. Then, process
408 invokes process 770. Process 770 selects the next best therapy from the treatment table for this
patient and offers 8 to the patient who tan accept or modify or reject it. Process 770 is further
described below in conjunction with Figure 16. When process 770 retusns contral, process 408 passes
control to test 772. If test 772 determines that the patient accepted the therapy recﬁmmended,
prozess 408 passes contsol to terminal node 780, which returns control to the calkng process.

M test 772 determines that the patient rejected the therapy recommended, process 408 passes
control to test 774. If test 774 determines that the lsop retry count is greates than one, process 408
passes control to step 776. Step 776 reduces the loop retry count by T and then process 408 invokes
protess 770 again for another iteration of the loop. I test 774 determines that the retry count is 1,
then process 408 passes contro! 10 step 778. Step 778 sets the BMO recard to reler the patient to a
buman physician for consuhation. Then, process 408 passes control to terminal node 780, which
returns coatrol to the calling process.

THERAPY ADJUS YRIENT ISUBJECTIVE] _

Referring to Figure 15, the process 790 will be described. Process 740 computes the next
bes1 therapy for this patient, based only on the patient’s subjective assessments of his/her health.
Process 780 uses the Subjective-Objective Comelation Facter [SOCF} which is described below in the
section Subjective-Objettive Correfation Factor. The SOCF indicates how reliable this patient is in
subjectively assessing hisfher disease, and protess 790 relies on the SUCF in competing the next
therapy step.

Protess 780 seteives control at start node 810. Then, process 790 passes cantrol to test
812, ff test B12 determines that the patient does not need therapy adjustment, i.e. that the DMD
record of this patient has already been completed for an approved therapy, process 750 passes contra)
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to terminal node 874 which returns control to the calling process. M test 812 determines that this
patient requires therapy optimization, process 790 passes control to test 816. Test 81_5 determines (by
asking the patient or by obtaining the patient’s saved response if the patient has aiready been' asked)
whether the patient is having any current sympiems. i test B16 finds that the patient is symptom-
free, process 780 passes control to test 818. If test 838 determines that the current DMM TAPL
setting does not permit therapy adjustments, process 780 passes control to node B26, which sets the
DMO record to maintain the same therapy, e.g. the same dose in the case of a drug-based therapy.
Then, process 790 passes contsod to terminal'node 824, which returns control to the calling process.

If test B8 determines that the current TAPL setting does permit therapy adjustments, process
790 passes control 1o test 820. Hf est 820 determines that the patient does ot want to try to
redute the dose, protess 780 passes tontral to step 826, which sets the DMD record to maintain the
same therapy. Then, pm:éss 780 passes control to termina! node 624, which returns contro? 1o the
valiing process. M test B20 determines tha the patient wants to reduce the dose, process 790 passes
control to step 822, which looks uvp the next lower dn;age level in the treatment table and sets the
OMD recosd to decrease the dose. Then, process 790 passes contro! to terminal node 824, which
returns contrel to the calfing process.

If test B16 finds that the patient is having current symptoms, process 780 passes controf to
test 830. 1 test 83D finds that the TAPL does not permit changes in therapy, process 78D passes
control 1o step 832. Step 832 sets the DMD record to refer the patient to a human physician for
conseitation. Then, process 780 passes control to terminal node 833 returns contro! 10 the caling
process. | test B30 finds that the TAPL does permit chenges in therapy, process 790 passes control
to step 834.

Step 834 begins that phase of process 790 which computes the next therapy step for a
patient who is haviep sympioms, but has only reported current subjective health assessments. Step
834 vses the current SOCF from the patient’s medital history, modifies it by the current Sensitivity
Factor Set to adiust it to the senskivity being used for this patient, and then classifies the patient’s
current SOCF as “high” or “low” for the purpose at hand. I test 834 classifies the patient’s SOCF as
high, the patient’s subjective heatth assessment is sefiable, and prozess 750 passes control to step 838
which tooks up in the treatment table how much the therapy (Le. dose in the example drawn) can be
intreased for a patient with a high SOCF, and what the associated benefits and risks are. Then,
procass 790 invokes function B30,  Ahemnatively, # test 834 deems the SOCF as bow, process 79q
passes contro! to step B35, which obtains the dose and riskfbenefit factors for unrefiable patients. In
either case, process 750 continues by inveking function 840,

The Patient Consent Leve! function BA0 presents a recommended therapy to the patient and

obiains a consent of the patient to the therapy as recommended or to some variation of it; the patient
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may also reject the recommended therapy entirely. Function 840 is described below in conjunction with
Figure 17.

When function 840 retumns contrel, if function840 retusns the result that the patient consents
to an increased dose, process 790 passes control to step 842. Step 842 sefs the DMD record to
indicate the next therapy with an increased dose, and with an appropriate chanpe in schedule for a
saoner DM sessicn. Then, process 790 passes contro! to terminal node 844 which returns control to
the calling process,

When function 840 returns eontrol, if function 840 returns the result that the patient consents
to continue therapy with the same dose, process 780 passes control to step B45. Step 846 sets the

- DMO record to indicate that the same therapy is to be continued. Then, pwce-ss 790 passes contro) to

terminal node 844 which returns control 1o the cafiing process.

When function 840 returns control, # funttion B4D returns the result that the patient consents
to a reduced dose, process 730 passes control to step B4B, Step BA8 sets the DMO record to indicate
the next therapy with 2 reduced dose. Then, process 790 passes contro! to terminal nede 844 which
retums eontrel to the calling process. )

When function 840 returns control, if function BAO returns the result that the patient rejects
the recommended therapy at any level, process 790 passes control 10 test 850, Test 850 consults the
current Sensitivity Factor Set to see whether process 790 sheuld try the next best therapy or should
refer the patient to a human physician. M test B50 determines that other therapies may be tried,
process 790 passes eontrol to node 852, which sets the DMO record to indicate that the patient
rejected the recommended therapy. Then, process 750 passes contro! 1o terminal note 844, which
returns controf to the calling process, ! test 850 determines that the patient should be referred,
process 780 passes control o node 854, which sets the DMO record to sefer the patient 1o @ human
physician. Then, process 780 passes tontrol to terminal node 844 which retumns control to the calling

process.
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THERAPY ADJUSTMENT (OBJECTIVE)

Referring to Figure 16, the process 770 will be described. Process 770 tomputes the next
best therapy for this patient, based on the patient’s current objective health measurements. The
process receives control at start node 870. Then, process 770 passes contro! to test B72. Test B72
compares health assessment parameters to determine whether the patient's objective health data meet
or exceed various threshalds. Test B72 first compares the patient’s current heaith measurement to an
absolute threshold for that measmrement, to see if the measurement itself is in acceptable tange. Test
B72 next compates the stope of the lest two health measurements, 1o see if the patient’s health is
deteriorating at a rate that exceed a threshold. Test 872 next compares the change in the slopes of
the lest three measarements, to see if the patient's rate of change of health is getting worse more and
more rapidly. i any one of these thresholds is met or exceeded, process 770 passes contrel to step
874, which sets the DMO to refer the patient to a human physitian. Then, process 770 passes tentrol
to terminal node 876, which returns control to the calling process.

i test B72 detenmines that all of the patient’s current heakh statistics are below threshold,
process 770 passes control to test 878. Test 878 begins that phase of protess 770 which tomputes
the next recommended therapy for this patient. Test 878 compares the curent patient health
measurements 10 those of the previous DM session, to tlassify the patient’s change of health state as
“better, same, or worse” for the purpose of computing the next therapy step.

If test 878 determines that the patient is warse than the last time, precess 770 passes
control to test 880. Test 880 determines (from the treatment table) whether the current therapy dose
can be increased, If test B30 determines that the dose can be increased, precess 770 passes control
1o node 882, which sets the DMO to increase the dose, Then, process 770 passes control to test
836 U test BB detesmines that the dose can pot be increased, process 770 passes contro! to node
884, which sets the DMO 1o continue therapy with the same dose. Then, process 770 passes control
1o test 896.

If test B78 determines that the patient is in the same health as the last time, process 770
passes control to test 832. Test BS2 determines whether the patient’s current health measerements
are in normal limits. I test 852 determines that the patient’s eurrent health data are normal, process
770 passes contro! to step 830. Stap 89D sets the DMO 1o decrease the dose. Then process 770
passes control to 8S6. H test B2 determines that the patient's current health data are outside
rormal Emits, pracess 770 passes control to test 880, Test BBO has been deseribed above for process
170,

M test 878 determines that the patient is better than the last time, process 770 passes
contro! to test BB6. I test 886 determines (by consulting the treatment table) that the current dose
can be reduced, process 770 passes control to step 890. Step 890 has been described above for

process 770. 1 test BBG determines that the current dose can not be reduced, process 770 passes
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control to step 888, which sets the DMO to continue therapy with the same dose. Then, process 770
passes contsol to test 895,

Test 896 determines whether the TAPL setting for this patient aflows the DMO as computed
so far by process 770. N test 896 determines that tha TAPL allows the DMG as written, process B70
mvokes the Patient Consent Level function 840, which presents a recommended therapy to the patient
and obtains a consent of the patient to the therapy as recommended or to some variation of it; the
patient may also reject the recommended therapy entirely. Function B4D is described below in
conjunction with Figure 17. I function 840 retums the result that the patient accepts the
recommended therapy (perhaps at seme modified level), protess 778 passes control to terminal node
858, which returns contro! 10 the calling process. H function 840 returns the result that the patient
tejects the recommended therapy entirely, process 770 passes control to test 800. Test 900 consults
the current Sensitivity Factor Set 1o see whether process 770 should try the next best therapy or
sheuld refer the patient to @ human physician. If test S00 determines that other therapies may be
tried, process 770 passes control to node 802, which sets the DMO record to inditate that the patient
rejected the recommended therapy. Then, process 770 passes contro! to terminal node 904, which
retumns control to the calling process. H test SO0 determines that the patient should consult a
physician, process 770 passes contro} to node $U6, which sets the DMO record to refer the patient to
a human physician. Then, process 770 passes control to terminal node 804 which returns control to
the calling process.

If test BIB determines that the TAPL does not allow the recommended therapy, process 770
passes control to step 808, which sets the DMO record to refer the patient to a human physitian.
Then, process 770 passes control to terminal node S04 which returns control to the calling process.

PATIENT CONSENT LEVEL

Refeming to Figure 17, the Patient Consent Level function B4D wil) be described. Function
B40 presents a recommended therapy to the patient and obtains the consent of the patient to the
therapy, either exactly as recommended by the BMM, or as adjusted to some variation of it, based on
the patient’s responses. The patieat.may also reject the recommended therapy entisely. Function B40
receives conteol at starting node 920. Then process 840 passes tontrof to step 922, which outputs
the therapy as recommended in the BMDO to the patient. Next, process 840 passes tantrof to step
824, whith presents the risks and benefits 1o the patient. Next, protess BAD passes contro) to step
926, whith presents other therapy choices to the patient. Next, process 840 passes control to step
928, which asks the patient to agree to the recommended therapy, orito seme version of the therapy.
Next, protess B40 passes tontrol to step 930, which updates the DMO to recosd the choices offered,
warnings given, and consent level received, with suitable date and time stamps. il\lext, process B40
passes control to step 932, which computes a function result 10 be retusned 1o the calling process.
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The consent level granted by the patient may have several values, The four vakies used in the
flowcharts assumz a drup therapy, and are: (1) ok to increase dosage; (2) ok to keep dosage at same
level; (3) ok to reduce dosage; and {4) reject this therapy. Next, process 840passes control to terminal
node 934, whith returns contro! to the caliing process.

CLOSE SESSION

Referring to Figure 18, the Close Session process 410 will be deseribed. Process 410 is the
last process executed for every DM session. 1t is specifically responsible for processing the Disease
Management Order (DMO), which contains the complete set of tests made and reasons therefore, the
next therapy step recommended, consent given by the patient, and various associated orders, such as
to fax 2 prescription to the patient’s pharmaty, to order a test from a Ishoratory, to prepare a report
for the patient’s physitien, to send printed instructions to the patient, and so on. Aside from
impiementing the DMOD details, process 410 is also generally responsible for logging all events that
oceurred during the DM session, storing all selevant data, tlasing all applicable files, scheduling the next
DM session, and finally bidding the patient farewel to indicate that the current DM sesion is
terminated.

Process 410 receives control ai start node 950. Nexi, process 410 passes contrel to test
952, which logs the therapy urdered by the MO in the patient’s medical history. Then process 410
passes tontrol to test 954, Awbich determines whether the DMD contains special orders to be
processed. M test 854 determines that the DMO has no special therapy orders, process 410 passes
control to step 872, which schedules the next DM session as specified in the current therapy schedule
of the patient. Then, process 410 passes conwol to node 962, Protessing from node 862 is described
below for process 410. I test 554 determines that the DMD has special orders, process 410 passes
tontrol 10 step 858, which schedules the next DM session as ordered by the OMD. Next, process 410
passes control to step 858, which prepares and sends various notices and reports 1o variaus contacts.
These notifications and the contacts that receive them are controlled by the Reguiatery, Sharing, and
other authorization fields that are meintained in the Permissions database. Next, process 410 passes
control to step 850, whith informs the patient about the next therapy step and gives the patient
instruetions as ordered by the DMO and as permitted by the Permissions database. Mext, process 410
passes contro! to step 862,

Step 862 mforms the patient’s physician about the DM session and about the therapy ordered
by the BMM. While the patient’s physicien is always entitled to all information generated for the
patient, the physician may spetily the notices sent and the detall reported. The physician’s current
requizements and fimitations for notification are stored in the permissions database, and may ‘he
muodified by the physician vsing processes outside of the DMM. Next, process 410 passes control to
s1ep564, which informs the patient about the actions taken by the DMM software, to the extent
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permitted in the Permissions database. This step allows the system 1o tell the patient what it is doing
and why, which can gain the patient’s confidence and help the patient to make better decisions in
future sessions. This feedback is an important element of the long-term therapy dptifnization that is
one of the halimarks of this invention. Step 864 also reviews all special flags set to discuss new
symptems with the patient. Next, process 410 passes control to step 968, which saves all relevant
data in various suitable main and backup storage focations. Next, process 410 passes control to step
568, which closes all appficable data files and releases all temporary computing system resources
allocated to the DM session. Next, process 410 passes control to termina! node 970, which returns
control to the calling process.

GUESTION VERSIONS

The Question Versions feature of the DMM allows several different versions of the same
question to be written into a script, and defers the decision which version 1o bse untd run-time. The
feature uses o global data item called the Question Version Index (OV) to select the desired version of
the question from the script at run time.

The Question Vesrsion feature can be visualized as a “Ouestion Roller™: & multifaceted cylinder -
with one different version of the question written on each face. To ask a question, the tylinder is

" rolled to display the face that contains the desired question text. If each guestion of a sat is written

on 3 separate ¢yfindes, and sl cylinders are rolled in unison 10 display the same face, as specified by a
global control element, the entire question set of the script can be adjusted or “rofled” as one unit, so
that the seript as 2 whole can be adusted or fine-tuned to ask different versions of the question at
ditferent levels.

One use of the Question Versions feature is to be able 1o globally adjust the sensitivity and
selectivity of the language used by the entire DMM, using 3 BMM-global QV1 that controls the Enguistic
sensitivity, Thus, when the sensitivity or selectivity of questians needs to be altered, the Ouestion
Roller is turned or ratcheted one way 10 increase the sensitivity and the opposite way to increase the
selectivity. For this use, each question version differs only shightly in wording and sensitivity. In some
cases, the cnly difference is a tomma (a panse) or an intonation of the voice, such as:

. bs this absslutely the worst beadache that you can imagine anyone having?
. ks this the worst headache that you can imagine anyone having?

. Is this the worst beadache you have ever had?

] Is this one of your worst headaches?

Anather use of the Question Version feature is 1o write script questions aimed at different
levels of patient education, intelgence, disease understanding, or medical expertise. For example, the
OMM can ask the same question in various forms written for a 3rd grader, for a high schoo! student,

for a college graduate, or for a health care provider. Thus, the DMM can adapt cutput to the patient’s
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communication needs, which may invelve a range of decisions based on what is currently known about
the patient, suth as what natural language to vse, what the level of understanding is, what grammar
to use {e.g., are we addressing the patient, the patient’s relative, or the patient’s doctor?), and what
medical details te disclose. The DMM can consuht the patient's medical history to determine the level
of the language, education, and intelligence that the patient can understand. If no indicator is present,
a mini languape I test can be given as part of the Initial Health Assessment task to establish the QVI
to use with the patient.

Yet another use of the Question Version feature is to allow the DMM to adjust the question
level dynamically, based an the patient responses of requests. Thus, a patient who is getting confused
or lost may ask the DMM 1o give more detailed instructions on how to respond to questions. The
DMM can react by aitering the OV! to select more appropriate question versions. On the other hand,
as the patient leams during 2 session, s/he may later reguest fewer instructions and a faster
communications mode. Again, the DMM can respond by adjusting the QVL. In this manner, the DMM
tearns about the patient’s current and past bse of the DMM and can medify itself to adapt to the
patient’s natural language, education, medical knowledge, and medical sensitivity Tequired.

The Question Version feature is implemented in software by allowing stript authors to collect
different versions of a question into @ “version group,” in which each version of the questicn is
associated with a different QVI. At run-time, the DMM uses the Sensitivity Factor Set to establish a
global QVI to specify the ctrrent question version to be used with the current patient by all scripts.
When 2 DMM process (such 2s the seript engine) needs to output a guestion, it uses the global Vi to
find and retrieve the desired question from the script’s question group. Questions that do not require
different versions are written as a version group with only one question, which acts as the default
guestion. This defauht question is also used when there is no question in the version group for the
corrent glohal QVL

This Question Version design allows questions versisns 1o be written for a wide range of OVls,
without having to write a version for each OVL A simple seript can just have one question version; as
the seript improves, additional question versions are added. For example, the first script might be
written in Enghsh, and fater upgraded to add Spanish versions of each gquestion.

The Question Version feature is implemented in the form of a Duestion Version Index and two
separate functions Set OVi and Select Question. In Figures 19a and 19b, these elements are shown as
follows:

* Global Yersion Index {OV) is data item 1020;

« Set OVI is process 1000;

® Seiect Question process i shown as process 1001.

The current setting of the Global Version Index 1020 determines which one of several different

question versions is selected and output te the patient. Data element 1020 is stored as a control field
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in the permissicns database 256 (Figure 3), and is changed by process 1000 and ysed by process
1001,

Process 1000 is a DMM-global system service routine that sets and updates data element
1020 periodically. Process 1000 receives control at starting node 1002. Then process 1000 passes
control 10 step 1004, which identifies the patient whose data element 1020 is to be set. Then
process 1000 passes control to step 1006, which retrieves the current value of the patient’s data
element 1020. Then precess 1000 passes control to step 1008, which computes the new value of the
data element 1020, Step ohtains the level of Sensitivity desired from the cerrent Sensitivity Factor Set,
and obtains other parameters from the patient madical history, such as the level of patient's education,
the level of language understond, and the OVI settings vsed in past DM sessions. After step 1008
computes 3 new OV) value, process 1000 passes control to step 1010, which stores the new value in
the patient’s data element 1020. This completes the action of updating the patient’s data element
1020. Then process 1000 passes control to terminal node 1012, which returns control to the calling
process.

Process 1001 is a DMM-giobal routine that uses the Global Version Index 1020 to select one
guestion from a set of questions. Process 1001 receives control at starting node 1022, Then process
1001 passes control to step 1023, which loads the appleahle question set from the current script’s
fdata area. Then process 1001 passes control 1o step 1026, which obtains the current value of the
Questicn Version Index 1020 from the patient’s permission f8e. Then process 1007 passes centrol to
test 1028. Test 1028 determines whether the question version selected by the OV is in the question
set obtained in step 1024, If test 1028 determines that the desired version is in the question set,
process 1061 passes control to step 1030, which retrieves the question with the desired guestion fevel
from the set. Then process 1001 passes contro! to step 1034, which returns the question selected

_ from the set as a function result to the caller. Then process 1001 passes control to termina) node

1036, which retorns control 1o the calling process, #f test 1028 determines that the desired version is
not in the question set, process 1001 passes control to step 1032, which retrieves the defauht
question from the set. Then process 1003 passes contral to step 1034, which returns the question
seizcted from the set as a function rescht to the caller. Then process 1001 passes control to terminal
nade 1036, which returns eontred to the calfing process.

PREVIEW BfODE

Preview Mode is 3 OMM scsipt run-time mode that allows the patient to “look ahead”, that is
to examine the consequences of a response before “officially” giving the response. In effect, the
patient can say — at any point i a script — “let me see what this answer would do”. One uvse of
Preview Mode is to let the patient suspend an ongoing dialog to see what a pending question means.

Knowing the censequences of a response is heipfu! in clarifying the impact or focus of a question,
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Thus, in 2 printed flowchart or procedure, one good way to find the best path is to lyok shead to see
what the consequences for recommendations) would be of answering a question 2 certain way.
Anuther uses of Preview Mode is to let the script explititly warn the patient that a particular question
involves serious consequences, and 1o use Preview Mode $o that the patient can consider the effect of
each response. For example, one response may begin action to contact the patient’s physitian, or to
transfer the patient to an emergency facifity. If the stript can wamn the patient about this
consequence, the patient can preview these responses without act‘ivating them, ar}d can alter the
direction of the script dialop.

Referring 10 Figuse 20, the process 1060 will be described. This process shows only those
steps of a DM session that handle the Preview Mode feature, which is involved in the steps that ask
the patient a guestion and process the response. Other steps of 2 DM session that are not concerned
with the Preview Mode are omitted for clarity. Process 1050 receives control t start node 1062
Then process 1060 passes control to test 1064. M test 1064 determines that there are no further
guestions to be asked, process 1050 passes control to terminal node 1065, which terminates the
Preview Mode. ¥ test 1064 determines that is a question to be asked, process 1060 passes cantrol to
step 1068, which sutputs the question to the patient. Then process 1050 passes control 10 step
1070, whici: outputs the set of responses to the patient. Then process 1080 passes control to step
1072, which inpets a response from the patient, together with an indicator that the patient does or
dues not want to preview the script’s actions for this response. Then process 1060 passes contral 1o
test 1074. M test 3074 deternines that the patient bas responded with the preview indicator set,
process 1060 passes conteol to step 1076, Step 1075 setrieves the preview information that is coded
into the script fas part of the normal question and response texts) and cutputs it to-the patient, so that
the patient sees os hears a description of what the selected response would do in “real” mode. For
example, 2 preview text might tell the patient that “A YES response will increase your daily medication
dose for the next 2 weeks”. Atter the preview text is cutput to the patiemt, process 1060 passes
control 1o step 1068, which asks the same question apain, as destribed above for step 1058. But #
test 1074 determines that the patient has responded without the preview indicator, process 1050
passes control 1o step 1078. Step 1078 performs the actions nomally seripted for the vesponse given.
then protess 1060 passes tontrol to test 1064, which determines whether these is a next question ta
be asked, as described above for test 1064.
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NO-RESPONSE FEATURE

Every DMM dialog with a patient is controlled by a seript. During a normal session, the script
selects 2 question and outputs it to the patient, and the patient inputs a response. The script analyzes
the response, selects another question, and outputs it to the patient. This question-response-guestion-
response dialog continues until the session is terminated normally. However, when a patient
unexpectedly fails to respand in the middle of the dialog, all scripts are designed ta invoke the No-
Response (NR) feature, which is responsible h!r taking appropriate continuation action for the script.
The NR feature is 2 DMM software mechanism that is triggered when a timeout condition is signaled
by the opesating system. The NR mechanism can take any number of actions that have been pre-
arranged by the script and can be changed 2s the script runs. The NR actions can range from a sient
entry in the DM sessions log all the way to using health data from the patient medica! history and
medication and symptom data from the disease database 10 contact & responsible neighbor of the
patient, or a nearhy emergency respanse faciity.

Dne vse of the NR feature is to perform a medical disease- and patient-specific evaluation of
the failure of the 'patiem to respond.  Obvigusly, in certain patients with certain diseases {e.g. heart
problems, head injury, diabetes} the patient’s sudden failure to respond in the middle of a normal diatop
may indicate any number of possibifities. The NR feature is of special value in the context of the DMM,
whith has detafed medizsl information about a patient from previous sessions, and in the context of
the FO Support System, which has extensive relevant databases indexed by geographic In:atinn‘ammd
the world {e.g. emergency sooms, 911 agencies, paramedics). Because of what the system knows
about 3 patient, the NRF can take very situation-specific actions. A very smple example would be a
60-year old man consulting fos chest pain: sudden faiture to respond to a question would suggest a
cardiac arrest and could initiate emergency actions, including calling the patient's local 91% agenty.

Referring to Figure 23, the process 1300 is described. Note that protess 1100 shows only
those portions of 3 script’s steps that are relevant to the No-Response Feature. Other steps of the
scripts are omitted for clarity. Process 110D receives control at start node 1102, which represents the
generic start nade of any seript. Then process 1100 passes control to step group 1104. Step group
1104 represents adl of the seript’s actions that do not involve the NR Featuse. M the seript terminates
as part of one of these steps, process 1100 passes control to terminating node 1106, which terminates
the script. When one of the steps in step group 1104 wants to ask 2 gquestion of the patient, process
1100 passes control 10 step 1108. Step 1108 sets vp the NR parameters needed later, i the patient
should fail to respond. The souree of these parameters ie the patient’s medical history 254, which
contains the relevant information to be used if the patient fails to respond, such as the patient’s
disease, health state, medications being taken, physician, nearest emergency facility, and so on. Step
1108 stores the NR parameters as a data set 264. Then process 1100 passes control to step 1112,
which outputs the actua! question ta the patient. Then process 1100 passes control to test 1114,
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Detadls of step 1114 vary with operating system and hardware platform, but the typical action is to
set a timeout flag for a specified wait time, yield control to the operating system, and regain tontrol
when the operating system returns 3 response or the wait time has expired. If test 1114 receives a
response, process 1100 passes control to step group 1104, where the normal script’s actions continue.
if test 1114 receives 2 fimeout, process 1100 passes control to step 1116. Step 1116 retrieves the
patient-, disease-, and location-specific NR data from the data sets 264 and 254 and performs the NR
actions requested. When step 1116 has performed the NR actions, process 1100 passes control to

terminal node 1116, which represents the generic termination of a script due to a timeout.

PORST ARRARY

Sir Thamas Lewis said that pain is “known to us by experience and described by illustration”.
The ability to encode the subjective experience of pain into a standard and repeatable format is an
essential asset to any system of awtomated medicine, Many diagnostic sessions begin with 2 patient
teporting some type of pain to a physician in the form of a chief complaint; 3 thorough description of
pain ean quickiy suggest as well as efminate many diagnoses, using a table lockup or database access
mechanism,

The PORST Anay feature describes a set of software pracesses and data that work together
10 encode a patient’s description of pain into a “pain code”, which is 2 specially formatted array of
mtegers. Encoding is done in a mannes that preserves the subjective information, so that it is possible
to decode a pain eode by using the array integers to recover the original words used to describe the
pain.

A pain code is composed of subeodes; eath subcode identifies sne well-defmed detal aspect
of the experience of pain such as location, sensation, frequency, ete. The pain subcodes are arranged
into 2 specific sequence or format that is known to all software processes that manipulate the pain
tode. The sequence used to encode the aspects is itself prefised as a number to the sequence, $o that
so that the first aspect of the away always identifies the coding scheme that is used for the array.
This makes the PQAST Amay ﬂe:ihte_ and extensile, since various encoding schemes can be used to
meet verious needs. Any software process that needs 10 decode 2 PORST in the futwre simply
examines the first aspect code and knows from its value which decoding scheme to wse for the rest of
the aspetts.

The PORST Anay feature permits encoding of 3 patient’s report of pain into digital form that
is suitable for software processes.  For example, a patient's complaint that “when | bend my right arm
or rotate my wrist, even sightly, the elbow area horts really bad, w‘ith a sort of gritty or grinding
sound, but there is no bleeding” may be encoded by letting the patient select irﬁm standard descriptor

words (e.g. gritty, tight, numb) and converting the selected words into an integer array something fike

- {7.23,8,5,970612,2,13). This array represents the numeric value of varipus aspects of pain such as
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location, repeatability, quality, or a date such as B70612. For any given aspect, the number represents
some degree or description of the pain. Thus, if the fourth aspect number represents Sounds-
Associated-With-Movement, the subcode value 8 may represent “grittylgrinding noise associated with
joint movement”,

The “PGRST" Iabel is adapted from the classic mnemonic used by medical students for the
basic aspetts of pain, which are; P = Provocative | Palliative {(what brings it on, makes it worse, or
makes it better); O - Quality {sharp or dull; R = Region (head or chest, etc.); S = Severity {mild to
agonizing); and T =~ Timing fwhen the pain started). These aspects represent 2 starting point for the
PGRST Array, which is extensible to include other useful subjective descriptors of iliness, with many
additional aspects associated with the pain such as Cause {infection, trauma), Mass {mole, kimp), Size
{fingertip, golf ball), Sensation {tickking, pulsing) and objective associations {colar, smefl, discharge}.

To encede a deseription of pain into a pain code, a process

] uses a set of pre-defined aspects fie. tacets, elements, dimensions) of pain,

° uses a set of pre-defined aspect wor;ls defined for each aspect,

° obitains the ap#ﬁcable aspect word from the patient

L encodes alt aspect words into subcodes

. formats the subeodes as a physical data item (the PORST Array)

. stores the PORST Array is memory or on dish

L vses the address of the storage location as a pointer

To manipulate a pain rode as a whole, a program

L] passes the pointer to the PGRST Array

. uses the pointer to access the PARST Armay, if necessary

To detode a pain code, 2 program severses the encoding process:
uses the pointer 10 locate the PORST Aray in memory or storage
retrizves the PORST ARRAY from memory or disk
retrieves eath subcode
decodes each subcode inte its sebjective aspeet word
outputs the aspeet words as the subjective description.

Refersing to Figure 22a, the process 3340 will be described. Process 1140 comprises the

steps required to create a PORST Array that represents the digitized form of a patient's subjective
description of pain. Process 1140 is described here assuming that the patient is on-ine and can
interactively enter subjective pain description details when prompted by process 1140, Process 1146
reteives contro} fram a calling process at start step 1142, Step 1142 is the beginning of 2 loop that
encodes pain aspetts entered by the patient into a matching set of pain subcodes. Step 1142 allocates
space for a PERST Array that will contain the subcodes. Next, process 1140 passes control to step
1144, which estabfishes the next pain aspect to be encoded. Next, process 1140 passes control to
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step 1146, which retrieve a Est of standard aspect words from database 1150 and outputs them to
the patient in a format of a pick fist, ie. a fist that the patient can examine 2nd from which the
patient can pick one of the aspect words. Next, process 1140 passes control to step 1152, which
asks the patiant to select the aspect word from the pick list that best matches the patient’s subjective
description of the pain aspect being encoded. Next, process 1140 passes control to step 1154, which
converts the aspect word selected by the patient into an integer that identifies that aspect word. This
integer is the subcade for the corrent aspect. It can be simply the index position of the selected
aspect word in the pick Bst. Next, process 1740 passes control to step 1156, which inserts the
subcode integer into the PORST Array, st the index position that represents the aspect being encoded.
Next, process 1140 passes control to test 1158, which determines whether more aspects are 10 be
encoded. M test 1158 finds that there are more aspects to be encoded, then process 1140 passes
control o step 1144 to begin another teration of the loop just described. If test 1158 finds that there
are no more aspects 1o be encoded, then process 1140 passes control to step 1160, which stores or
ctopies the PORST Array into the appropriate data set, such as the patient’s medical history 254. Next,
process 1140 paséas controf to step 1162. Step 1162 retums control to the calling process.

feferring to Figure 22b, the process 3170 will be described. Process 1170 is an example of
the steps required to use 2 POAST Array as an index to retrieve a specific diagnosis from a table of
diseases. This example assumes that a list of diseases (o7 disease sets, where there is more than one
disease 1or a given pain code} has been indexed by pain code and stored into » database of diseases
262. This example also assumes that there is a software process for accessing the datahase that can
retrigve elements of the database when given an acress key. One obvious example of suth a database
access mechanism is a suitably formatted Structured Query Language (SOL} statement; another example
is a simple array of disease names of pointey that is agcessed using the index position of eath element.
Protess 1170 seceives controf at start nede 1372, Then process 1170 passes control to step 1174,
which loads a copy of the PORST Amay to be vsed to select the diagnosis from database 262. Next,
process 1170 passes eontrol to step 1175, which converts the DMM pain code into an actess key that
is formatted as required by the process that accesses database 262. Next, process 1170 passes
control to step 1178, which uses the aceess key to retrieve the reeord matehing the pain code from
database 262. Next, process 1170 passes control to terminal node 1380, which seturns control 1o the
calling process.

DISEASE MANAGERIENT DRDER [DRD)

The Disease Management Order is a data record that is attached to the patient at the
beginning of a IM session, travels with the patient from process to process, and is used at the end of
the session (by the Close Sessions processito implement the decisions and orders issued by the various

processes during the session. The DMD record contains numerous Hields and is stored in the sessions
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area of the DM-specific databases 264 (Figure 3). One key field of the DMO, named Code, typically
contains the next processing to be performed for the patient.

One use for the DMD is to signal special processing required for 2 patient. For example, 1o
flap a new patient for a one-time requirement to conduct an initial interview, the Open Session process
sets the DMD Code field to “assess initial heakth” {Figure 6, node 448). The DM session process then
continues into Health Assessment, which examines the BMO Code and shunts the patient intp the Initial
Health Assessment process 488 {Figure 7).

Another use for the DMO is 10 repeat processes as needed. For example, if the Correlation
Assessment process requires additional health data for the interval between session, it can invoke
Health Assessment again to obtain missing data {Figure 12, node 660). When the process has enough
data, it sets the DMO Code to “optimize therapy” and the patient is shunted out of the assessment
cycle,

Angther use of the DMD is to track various reasons for decisions made, which can be osed by
the Close Sessions process to issue detafled reports of what the DM processes learned about the
patient. For example, the Therapy Adjustment processes ean refer the patient to a physitian for
different reasons (Figure 14, nodes 778 and 764; Figure 15, nodes 832,654). In each tase, the DMOD
code is set to “refer to MD", dut the BMO Reason field is set to indicate a different reason.

Finally, the key pse of the DMO is to represent “doctor’s orders”, i.e. to a'::urmnla:e all of the
orders issued dusing the session, so that they can be implemented when the session is terminated
{Figure 18, node 958),

PERMISSIONS DATABASE

The Permissions Database 256 {Figure 3) is a collection of all of the seftware elements that
contred access to DMM data and actions taken by DMM protesses. This datsbase supports the DMM
satety, security, refiability, control, and management features in the form of passwords, actess rights,

- need-to-knovs and right-to-know elearances, disclosure authorizations, consents, constraints, fimits,

thresholds, and 30 on. The Permissions Database is the interface through which a human staff of

- medical and software experts ean specify and contro) what automatic actions the DMM ¢an and cannot

perfarm. Since permissions govern the actions of all DMM protesses, the Permissions Database can
be used to dynamically configure the system to run in various mades, ranging from fully autematic to
totally nan-automatic, where the BMM has to ask permission for every detail step to be taken. The
latter mode is especially useful Jor experimental, test, problem tracking, or system auditing uses.

Thuee tables of the Permissions Database are relevant 1o the operation of the DMM processes
described above; they are described under their respective section headings below: Regulatory
Permissions, Sharing Permissions, and Therapy Ahteration Permission Level {TAPL).
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REGULATORY PERMISSIONS

Reguiatory Permissions are data sets that insure compliance of the DMM with all applicable
regulatory, ficensing, and legal requirements and restrictions of the many jurisdictions in which it
operates. The Regulatory Permission data sets are organized by jurisdiction, and specify for each
jurisdicticn which data fields can be disclosed to what agency. The Regulatory Permissions feature
addresses a very complex issue .that is typicaily ignored by other sutomated medical systems, namely
that such systems may be deemed to be practiting medicine i and across controlling jurisdictions, even
across international borders, and must therefore meet 2 farge number of various medical practice
tonstrains and Ecensing regulations. This feature allows the DMM 1o comply with the faw in its
actions and in its contacts with patients, physitians, health care management organizations, government
agenties, and so on.

HRegulatory Permissions are DMM-global, and tan be used wherever they are applicable. One
example is in the Close Sessmn prozess {Figure 18, nodes 958-864) which must consider the legal
reguirements and prohibitions regarding disclosure of confidential medical data before distributing
notices, instructions, and reports about the DM session or the patient.

SHARINE PERMISSIONS

Sharing Permissions are used to manage disclosura of individual medical data items. Every
data field in the patient medical history Is associated with an access control field that specifies
whether or not the medital data item can be disclhosed 1o the patient, to various agents or agencies,
and 1o other software objects with specific aceess authorizations. Sharing Permissions are used by the
DMM Close Session process (Figure 18, nodes 858, 960) to decide what medical data items can be
disclosed (ie. “shared”). in its messages and reports to patients, patient agents, physicians,
laboratories, pharmaties, health tare management organizations, or government agenties.

Another use of Sharing Permissions is to prevent a diagnosis from being disclosed to the
patient undes tircumstances when & would be inappropriate (Figure 18, node 554).

THEBAPY ALTERATION PERINISSION LEVEL [TAPL)

The Therapy Ahteration Permission Leve) (TAPL) is a data se1 that specifies the various levels
of authority the OMM has 10 ehanrge patient therapy. The TAPL defines the degree of autenomy that
the DMM bas to manage » patient’s disease without prior human approval. Whenever a patient medical
history data item is requested by [say) a government agency or an insurance company, the DMM
ronsults the aceess eontrol field of that data item to see which sharing permissicn level is required for
it. Then the DMM consults the Permissions datahase to verify that the requesting agency has access
permission at the specified level.
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At its most restrictive level, the TAPL requires DMM to notify 2 physician whenever the DMM
determines that the patient eould benefit from a change in therapy, and to ebtain permission before
adjusting therapy in any way. The least restrictive TAPL setting allows the DMM 1o automatically
change a patient’s treatment without human intervention. TAPL settings between these extremes
require various degrees of prior notification and approval for different therapeutic interventions. The
TAPL is used by alt DMM funcitions that change patient therapy or give advice to that effect (Figure
15, node 830; Figure 16, node 896).

META STRUCTURES
META Data Arrsy

For the purpose of discussing the medica! management system meta functions, a system data
structore used to retord, track, analyze, and report medical problems can best be visuatized as a two.
dimensional grid or aray called the Meta Dats Array. This aray Ests the causes of disease (e.q.,
trauma, infection, allergy) along one dimension {the abscissa ot x-axis) labeled as CAUSE and Bsts the
anatomic systems or organs affected by disease (e.g., tardiovascular, respiratory, nervous) along a .
second dimension (the ordinate or y-axis) labeled as ANATOMY. A given disease tan then be seen as
the cefl in the Meta Data Aray that is at the intersection of the applicable Cause and Anatomy
dimensions.

In implementation, both the Cause and Anatomy axes are, of course, extensively subdivided.
Thus, for example, the infection cause is subdivided into bacterial and viral; bactesial is broken down
into gram positive and gram negative; gram positive is further broken down into streplococcys, and 0
on, to the point where the system can identify ultimate causes such as “meningotoczzl gram negative
bacterial infection.” The Anztomy dimension can chvicusly also be subdivided into organ structures,
organs, tissues, cells, and so forth.

META Data Cube
As the medical management system has more tontacts with a given patient, the additional
patient data extends the Meta Data Array along a time dimension to form a Meta Data Cube. The
time axis is also referred to as the “Z* axis.
The Meta Data Cube is an internal data strocture that supports varisus meta functions, The
details vary, depending on which medical system module is performing which type of meta analysis, but

all of the following examples apply:

L Smrsl episodes of the same comphaint (Frequency Meta)

. Several infections in different anatomic systems (Cause Meta)
] Ditferent complaints in the same anatomic system (Anatomy Meta)
.

Long-term patient history, e.g., smoking habits over 35 years (Volumetric Meta)
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e Chronic disease history, e.g., five years of Asthma or Malatia attacks
o . Short-term disease progress, e.g., three days of gastrointestinal pain, headaches,
vomiting
META FUNCTIONS

Meta Functisns are medically-oriented software objects that operate at a global level of the
entire medica) management system and its various modules. They observe, record, track, and analyze
patient interactions with the system to: '

evaluate a patient’s use of the system,

look for patterns or relationships that may signify & problem,

“step back” to look at the patient’s overall interaction with the system,

analyze a patient’s coment session in the context of past sessions.

Meta Functions automate that aspect of the human physician that sees a patient as a total, complex
bio-mechanism that is malfunctioning and requires corrective measures over a time span. They give the
DMM the powerful abffity to analyze patient health as a whole, to develop long-term medical diagnoses,
therapies, advice, and management strategies.

The Frequency Meta Fonction uses the Sequentisl Summing Meta Funetion 1o anzlyze
the frequency of consultations regarding the same disease. The Anatomic Meta Fanction analyzes
patient complaints based on the anatomic organ system involved. The Cause-Effect Choining Meta
Function traces a disease back to its ceusels) and then forward o other diseasels). The Area Meta
Funetion = ih4 Volumetric Meta Function analyze changes in disease parameters over time. The
Critical Curve Mete Funetion monitors patient health for significant deterioration by comparing it 10 a
standard curve for the disease being managed. The Interval Meta evaluates the time intervals between
consultations for the same disease, The Reliability Meta assesses the probability of data reliability and
integrity.

The Meta Functions described for disease management use the same “Meta Data Cube™ data
structure described i Applicant’s patent entitled “Computerized Medica! Diagnostic and Treatment
Advice System,” U.S. Patent No. 5,660.176. However, sinte DM has ditferent objectives, it examines
dilferent data elements of the cube along different axes.

The word “meta” refers to the overall nature of these functions, which focus on manipulating
health data not at a detaled level bot at a level of long-term time trends, global patterns, statistical

distributions, and othes summary relationships. The word "function” here refers to the various
computational and analytical technigues used, which employ elassic and fuzzy logic, arithmetic,
geometry, trigonometry, analytical geametry, calculus, statistics, probability, domain mappings,

transtorms (Laptace, Fourier), heusistics, recursion, and o on.
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Meta functions are implemented and embodiad in the form of suitable data and procass
structures such as databases, 1ables, arrays, modules, obiects, scripts, Bsts, subroutines, procedures,

functions, and so on.

» Seguential Summing META

The Sequential Summing (SS) Meta function detects and integrates the effect of one patient
eccessing separate modules of the entire medical management system, such as the diagnostic module
and the DMM, because separate sessions — when combined - may represent a significant change or
deterioration in the patient. The SS Meta function analyzes the combined effect of the separate
modules, and may make a recommendation based on this global analysis.

The SS Meta uses pre-set thresholds for different combinations of the system modules being
summed. The thresholds are eantained in an internal 1able that Ests all of the module combinations
such as medizal diagnosis + disease management, medical diagnosis + medical audio)video/image
tbrary, medical diagnosis + treatment table consuMtation, and so on.

For example, if the Medital Diagnosis module was consuked for wheezing and diagnosed as
Asthma, and the DM module was later used for Asthma management, and the Mediea!
AudiolVideo/lmage Fbrary modute was consulted several times for pre-recorded messages on Asthma, the
§S Meta function would use the proper values from the table a1 medical diagnosis + disgase
management + medical an;ﬁolviden!’unage library for Asthma to calculate 2 threshold to tsigger special
recommendations. Thus, even though threshold was not reached in any one module, when the
consultations for asthma in the diagnostic, disease mansgement and audiolvideofimage Fbrary
consultations are combined and considered together, threshold is reached.

*frequency Mets
The Frequency Meta furction reviews the number of times that a patient has consulted the

system and makes recommendstions based on that consultation frequency. The function cakculates how
many times the patient has interacted with the system for the same tomplaint or disease, medical
audio text consuitation or treatment table consultation, uses the Sequential Summing Meta function to .
analyze the combined effect of the consultations, and may make a recommendation based on this global
analysis, _

When a2 patient is admitted to the medica! menagement system, for each disease being
managed, a threshold is established for the number of consuhtations (mbound as well as outbound) per
unit of time. The threshold is ditferent for each disease and is modified by the sensitivity factor set. H
this threshold is reached, the Frequency Mzta function makes a recommendation. That is, the fact
alone that the patient has had a certain number of symptom occurrences of 2 given type may trigger 3

recommendation from the Frequency Meta functions.
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*bterval Meta
The Intervel Mets function analyzes the time intervals between each interaction for the same
disease to detect trends that may sigrify a problem. For example, if the function were o discover that
the patient’s interactions with the system are occurring closer and closer tepether, the function could
make a recommendation based on this fact alene.
The sequential summing series method is used. The interval between consultations is plotted
and 2 meta recommendation is made if the intervals are getting shorter

oLouse Metz
The Cause Meta function is a DM background task that kooks for disease or cause patterns that may
help to identify root causes. The function monitors and analyzes the patient’s use of various system
modutes. '
The Cause Meta tunction identifies @ sequential summing series in decreasing intervals of time between
medical diagnosis, disease management, medical avdio text Bhrary, treatment table consultation and al
their combinations. For example, assume that a patient has consulted the system on several occasions
with complaints manifesting in different parts of the body, and that during each session, the medical
diagnosis modele has {preperly) attributed each separate problem 1o being caused by infection. The
Cause Meta function detects such a series of consultations, and ~ if they reath a preset threshold per
it time — alerts the system that the root cause may fe in the patient’s immune system. If the
system is caning for a patient with multiple episodes of trauma, the Cause Meta function will help the
system to tonsider the possibifity that the patient is abusing drugs or alcohol,

* Anatone Meta
The Anatomic Meta function analyzes patient eontacts with the medical system from a viewpoint of a
single organ or anatomic system of the body. The function looks for different diseases being managed
that may impact the s2ame anatomic system. The function awtomates the aspect of DM that — when
ditterent diszases all affect the same organ - it is often essentia) ta monitor and frequently measure
the functioning of that ergan,

For example, if a patient consudts the medica! diagnostic module on three different occasions
tor abdemmna! pain, vomiting, and diarrkea, the Anatomic Meta function recognizes that these problems
all involve the gastroiatestinal tract, and may cause the system to adjust its recommendations based on
that additiona! inlormation. :

For example, diabetes meffitus and hypertension both cause slow and progressive deterioration
of kidney function. The Anatomic Meta function detets the need for such special monitoring. Based
on some internal, preset threshalds, the Anatomic Meta analysis may cause disease management

system to recommend an evaluation of the impacted organ functions. In the example above, for a
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patient being managed for diabetes and hypertension, the Anatomic Meta enalysis could cause the
medical management system 1o recommend a serum creatining, a test of kidney function, at

appropriate intervals.

*Layse vs. Anatomic Mets

The Cause vs. Anatomic Meta function coordinates an interaction between the Cause Meta
and Anatomic Meta functions. As the Cause Meta and Anatomy Meta functions interact more closely,
their mteraction is described here.

As the pattent uses the medical management system over time, the Cause/Anatomy cefls are
stacked along the time or Z-axis, which tracks the moment in time when intersection of the cause and
anatemic system, i.e., making the diagnesis actually occurred in the patient.

The Meta Data Cube represents a summation of the patient’s interaction with the system over
time, Althsugh much of the patient’s past history is stored using IC0-9-CM codes, as well as
cnnveptional text strings in the fields of the patient’s medical record, this technigue allows very useful
analyses to be done.

It is important to note that the system may be able to assign a cause to a problem without
knowing the anatemic system imvolved, and that the system may indicate what organ or organ system
is involved without knowing the cause of the patient’s problem. For example, a six-year-old child who
complains of muscle aches, headache, runny nose, and joint aching most kely has a viral infection, but
it is hard te ascribe a specific organ system in which it is being manifested.

Interestingly, while in the diagnostic module, and while finding multiple problems cccurring in
the same module, a different pattern is produced in disease management. For example, diabetes can be
represented by or st the intersection of an endocrine and the vascular system. But another way to
visualize the disease process in diabetes is to go one step further as foliows. Whenever the medica)
management system realizes that another disease process flike diahetes) affects the vascular system,
then “vascular™ as a CAUSE of further disease is searched,

*Lausal Lhaining Meta

The Chaining Meta function automates the analysis of the medical fact that certain diseases
produce pathologic ehanges in other organs of the body, meaning that a disease can cause and be
caused by other diseases. For example, the Chaining Meta function looks at 2 given disease as hnfh
cause and effect, and performs three analyses for a given disease D:

1. Find the roct cause of D.

2 Find other diseases caused by D,

3 Repeat steps 1 and 2 recursively to find other root causes and other diseases caused

by D.
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Thus, the Chaining Mata analysis traces the total mpact of disease on the body. It uses the Cause
Meta function (which is used to detect the immedizte, single couse of a complaint or disease) to
recursively find remote causes and diseases. Given a starting disease, the Chaining Meta analysis uses
the Meta Data Cube to detect patierns that let the analysis go backward in the cause chain to detect
other possible problems in a patient. In this way, it does the analysis needed to detect related
problems that have so far been masked or have not yet surfaced.

An internal Cause-Effect table used by the Cause-Effect Meta function contains jundamental
medical knowledge of anatomic systems, their selationships, their diseases, and disease causality chains.
This table identifies patterns that need to be explored for root causes and secondary disease. A
second table, used in controliing the processing of the causality chains, contains other data such as
probability of sccurrence, seriousness of the secondary diseases, and possible therapeutic windows.

The result of the Chaining Meta computation is a fist of diseases to check for and monitor &

the current patient. These results are useful in:

] insuring that side etfects of disease are not missed,
. not everlooking disease management therapy needed to stabilize a patient,
° confirming a cause by verifying other effects {headache is consistent with
Appendicitis), '
L negating a cause by not finding required effects (lack of Plasmodia in blood denies
Maloria),
Area Meta

An exampla of area meta can be described as plotting pain or discomfort against time and then
integrating the atea under the curve to look at the tota! amount of suffering or discomfort. This is
important because many patients, particularly with incurable diness, such as terminal cancer patients,
are in continucus pain but they are isafated, do not see their doctor regularly, or their physician does
not appreciate how much the patient is sulfering. They tend to ":has_e the pain,” and never catch up.
Here, once a threshold of sutfering as been met, the patient could get narcotic analgesits or have their
dose increased,

Yolumetrie Meta
The Velumetric Meta function performs analysis based on the {3-dimensional) product of
Disease x Anatomy x Tme and makes recommendations based on pre-set thresholds. The word
“volumetsic” reders to the Meta Data Cube analysis method used, in which a smoking history appears
as the volume enclosed by the three axes P {Poison), R (Respiratory System), and Z (Time). For
example, a patient who has smoked two packs of cigarettes dally for 30 years is deemed to have a

history of 6O pack-years impacting the respiratory system.
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Volumetric analysis is significant in many disease processes. Thus, the patient with a smoking
volume of B0 pack-years has accumulated significant damage to the respiratory system. The longet
this has been going on, the larger the volume, the more poison has impacted the functioning of the
sespiratory system, and the more fkely certain diagnoses or therapies wil be.

Another example of volumetric analysis is the fong-term damage that diabetes causes in the
microvascular circulation.

The software implementation of the Yolumetric Meta function involves various internal disease
management tables that list volumetric pmdm:;s for various diseases as well as their threshold
parameters. These thresholds (as modified dynamically by the sensitivity factor set) control special
actions and analyses of the system. When an applicable threshold is reached, the system performs
special analyses and then issues internal alerts to took for possible evidence of damage being done to
the applicable argan systemis} and to make special recommendations for the patient,

Refability Meta
The Refiabiiity Meta tunction looks at the refiabifity of alf of a patient's data items to see if

the patiem’s care is inadequate. The function can recommend the re-evaluation of 2 patient if it finds
that the (separate or combined) probabilities of a diagnosis are below a relizbility threshold (modified by
the sensitivity factos set).

The function uses internal Reliabifity Indicators, associated with every data item, that track
the probability that the data item refiects the attval health of the patient at the time for which it was
recorded. These Aefiabiity Indicators are estabfished for every data item in the medical management
system when it is first established, and remain associated with it throvghout its bfe in the system.

For example, # a patient tells the system that he has a history of migraine headaches, the
system may ask the patient: .

° Who made the diagnosis of migrame (patient, friend, nurse, physizian, or neurolagist)?

L What tests were run, by whom, on what tissue, with what resuits?

. Who confirmed the tests, how, in what context?

The idea, of course, is that if a headache specialist made the diagnosis after a full and complete
workup including imaging (MR) of the brain, humbar puncture, EES, etc., the probability that the
diagnosis is correct is very high. This wi) be recorded in the Reliability Indicators and associated with
the diagnosis data item. if the refiabiity is too tow, the patient will be scheduled for re-evaluation ata
higher tevel or standard of care, whith will invoke more precise and more thorough questioning.
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BENEFITS OF DISEASE MANAGEMENT
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The benefits of the medical management system and the Disease Management Module are as

Benelfits to Pationts

taster, easier, cheaper medical services

medical service accessible at off hours, from home, when needed
medical service accessible m remote locations, poor communities
the fatest, best, tested, updated medical services

patients can take their time, can repeat sessions, can browse
patients have a complete medical history on file

Benefits to Health Care Providers

redutes trivial, inappropriate, useless contacts with patients

hones doctor’s diagrostic skills | experience

doctor can tompare own opinion to others

repeat patients offer better, continuous medical records

providers tan access mora medical data rescurces

computer supports access 10 statistics, databases, decision-making, schedufing
history of sessions and diseases s available

providers can justify advicefactions based on logged responses

can compare patients across/along populations

have large database of cases

Benefits to Health Lare Managers

saves costs of trivial contacts

tracks contacts

statistical information and projections

profiles doctor | hospital practices

session logs redute legal Bability and exposure
ensures comphiance with poficies

standardues advite and treatment

Benefits to Heakh Lare Reguiators

actions of HMDs, Physicians can be reviewed and assessed
medical records are available for eritigues
can verify compliance with regulations

Benefits to Health Care Teachers

medical practice ¢an be simulated on targe patient poputations
aids study o medicine

case studies ¢an be compared

case handfing can be repeated, with changes
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White the above detailed description has shown, described, and pointed out the
fundamental nove! features of the invention as epplied to various embodiments, it will be understood

that various omissions and substitutions and changes in the form and details of the system illustrated

may be made by those skilled in the art, without departing from the scope of the invention,

Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise”, and variations such as "comprises" and "comprising”, will be
b
understood to imply the inclusion of a stated integer or step or group of integers or steps but not the

I exclusion of any other integer or step or group of integers or steps.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A computerized disease management method, comprising:
assessing the health of a patient having a disease; and

optimizing a disease therapy based on the health assessment of the patient.

2. The method of claim 1, additionally comprising the step of scheduling a reenter time
for the patient.

3. The method of claim 2, wherein the reenter time is a regularly scheduled time.

4. The method of claim 3, wherein the reenter time is different from the regularly

scheduted time.
5. The method of claim 2, wherein the steps are repeatedly performed over time.

6. A computerized correlation assessment method, comprising:
providing a subjective health measurement in an electronic medical record
corresponding to a particular patient;
providing an objective health measurement in the electronic medical record; and
calculating a metric based on the subjective health measurement and the objective

health measurement.

7. The method of claim 6, wherein the steps are repeatedly performed over time,
8. The method of claim 7, wherein a plurality of metrics are statistically analyzed.
9. The method of claim 6, wherein the metric is a ratio.

10. A computerized critical curve assessment method, comprising:
providing a critical curve for a particular disease;
providing a plurality of health parameters in an electronic medical record

corresponding to a particular patient having the particular disease;
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comparing at least one of the health parameters to the critical curve to obtain health

assessment information.
11. The method of claim 10, wherein a recommendation is made if a threshold is reached.

12, The method of claim 10, wherein a disease therapy is adjusted if a threshold is reached.

13. The method of claim 10, wherein the health parameters include objective parameters.
14. The method of claim 10, wherein the health parameters include subjective parameters.
15. A disease management system, comprising:

a disease management module capable of automatically providing health assessment
and therapy information for a patient having a disease; and
a permission database comprising permission information indicative of the level of

accessibility permitted to health assessment and therapy information.

16. The system of claim 15, wherein the permission information relates to the accessibility

by a specific agent, agency or software entity.

17. The system of claim 15, wherein the permission information relates to the accessibility

based on jurisdictional regulations.

18. The system of claim 15, wherein therapy information comprises a therapy prescription

or a therapy adjustment.

19. A computerized medical advice system, comprising;
a medical advice module capable of providing medical information to a patient; and

a permission leve] associated with the medical advice module.

20, The system of claim 19, wherein the permission level is indicative of the autonomy of

the medical advice module to provide medical information to the patient.
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21.  The system of claim 19, wherein the permission level is indicative of the accessibility

of medical information associated with the medical advice module.
22, The system of claim 19, wherein the medical advice module is a diagnosis module.

23.  The system of claim 19, wherein the medical advice module is a disease management

module.

24. A computerized method of therapy optimization, comprising;
determining the availability of objective health measurements and subjective health
measurements for a particular patient having a particular disease; and
adjusting therapy for the patient based on available objective health measurements; or
adjusting therapy for the patient based on unavailable objective health measurements

and available subjective health measurements.

25. The method of claim 24, wherein the method additionally comprises collecting

objective health measurements.

26. The method of claim 24, wherein the method additionally comprises collecting

subjective health measurements.

27. The method of claim 24, wherein the subjective health measurements include

measurements of side effects relating to the patient’s therapy.

28. A computerized question version method, comprising:

providing a plurality of groups of questions indicative of assessing a patient'’s health,
each group being related to a linguistic level of understanding;

identifying the linguistic level of understanding of a particular patient;

selecting one of the question groups based on the identified linguistic level; and

asking a question of the patient from the selected group.

29. The method of claim 28, wherein the method additicnally comprises modifying the

sensitivity/selectivity ratio based on the identified linguistic level.
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30. A computerized medical diagnosis method, comprising:
encoding a patient's subjective perception of pain into a pain code; and

indexing a database of diseases with the pain code thereby diagnosing a disease.

31.  The method of claim 30 wherein the pain code comprises subcodes representative of

provocative, quality, region, severity and timing of the pain.

32. A computerized therapeutic alterations method, comprising;

providing a therapeutic alterations permission level corresponding to a particular
patient having a particular disease;

automatically determining a therapy adjustment for the patient; and

recommending the therapy adjustment to the patient as allowed by the therapy

alterations permission level.

33. The method of claim 32, wherein the therapy adjustment comprises starting a new

therapy.

34 The method of claim 32, wherein the therapy adjustment comprises discontinuing an

existing therapy.

35. The method of claim 32, wherein the therapy adjustment comprises adding a new

therapy to an existing therapy.

36. A computerized preview mode method, comprising;

setting a preview mode for a medical script;

asking a question related to the health of a patient;

allowing the patient to receive information relating to the consequence of having
answered the question; and

resetting the medical script as if the question had not been answered.

37. A computerized no response method, comprising:

providing a plurality of parameters;
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asking a selected question from a medical script;
waiting a preset time for a response to the question; and
performing an action based on the parameters after the preset time expires with no

respomnse.

38. The method of claim 37, wherein the parameters include information in a patient

history.

39. A computerized health assessment method, compnising:
filtering any significant symptoms of a particular patient having a particular disease;
obtaining and storing initial health measurements from the patient if the patient has not
been previously assessed; and
obtaining and storing subsequent health measurements from the patient if the patient

has been previously assessed.

40. A computerized significant symptom filtering method, comprising:

determining the severity of a significant symptom obtained from a particular patient
having a particular disease;

assessing the health of the patient if the severity level is sufficiently low; and

taking a predetermined action if the severity level is sufficiently high.
41. The method of claim 40, wherein the predetermined action is referral to a physician.

42. The method of claim 40, wherein the predetermined action is transfer to a diagnostic

process.

43. The method of claim 6, additionally comprising adjusting therapy for the patient based

on the metric.

44, The method of claim 32, wherein the determining a therapy adjustment is limited by

the therapeutic alterations permission level.
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45, A computerized correlation assessment method substantially as hereinbefore described

with reference to the accompanying drawings.

46. A computerized critical curve asscssment method substantially as hereinbefore

described with reference to the accompanying drawings.

47. A disease management system substantially as hereinbefore described with reference to

the accompanying drawings.

48, A computerized medical advice system substantially as hereinbefore described with

reference to the accompanying drawings.

49. A computerized method of therapy optimization substantially as hereinbefore

described with reference to the accompanying drawings.

50. A computerized question version method substantially as hereinbefore described with

reference to the accompanying drawings.

51. A computerized medical diagnosis method substantially as hereinbefore described with

reference to the accompanying drawings.

52. A computerized therapeutic alterations method substantially as hereinbefore described

with reference to the accompanying drawings.

53. A computerized preview mode method substantially as hereinbefore described with

reference to the accompanying drawings.

54, A computerized no rcsponse method substantially as hereinbefore described with

reference to the accompanying drawings.

55. A computerized health assessment method substantially as hereinbefore described with

reference to the accompanying drawings.
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56. A computerized significant symptom filtering method substantially as hereinbefore

described with reference to the accompanying drawings.

DATED this 19" day of August, 2003
FIRST OPINION CORPORATION

by DAVIES COLLISON CAVE
Patent Attorneys for the Applicant
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PATIENT CONSENT LEVEL

40

.922—\
PRESENT THE THERAPY PROPOSED IN THE DMO

PRESENT THE RISKS AND BENEFITS OF THE THERAPY
9.?5\ |
PRESENT THE THERAPY CHOICES AVAILABLE TO THE PATIENT

.928\ ‘
ASK THE PATIENT FOR THE LEVEL OF CONSENT GRANTED

L350 TN ,

UPDATE DMO
RECORD THE DISCUSSION PRESENTED, WARNING GIVEN,
CHOICES OFFERED, AND SO ON.
RECORD THE LEVEL OF CONSENT GIVEN BY THE PATIENT

b3z —

RETURN A CODE FOR THE CONSENT LEVEL GRANTED, SUCH AS
OK TO INCREASE
OK TO KEEP SAME
OK TO REDUCE
REJECT THIS THERAPY

G334
RETURN

FIG. 77
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950
TO THE EXTENT PERMITTED BY THE PERMISSIONS DATABASE, TELL THE PATIENT ABOUT
RECOMMENDATIONS MADE AND ACTIONS ORDERED BY DMO, AND — IF APPLICABLE—
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262

NOTIFY THE PATIENT'S MD ABOUT THE SESSION. TO THE EXTENT REQUESTED BY THE MD |
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i
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CLOSE FILES

270
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