US 20160354039A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2016/0354039 A1

Soto et al. (43) Pub, Date: Dec. 8, 2016
(54) SYSTEMS AND METHODS FOR UTILIZING A61B 5/01 (2006.01)
WIRELESS PHYSIOLOGICAL SENSORS AG6IB 5/0205 (2006.01)
(52) US.CL
(71) Applicant: Health Outcomes Sciences, Inc., CPC oo, AG6IB 5/7275 (2013.01); A6IB 5/0022
Overland Park, XS (US) (2013.01); A6IB 5/02055 (2013.01); A61B
5/14532 (2013.01); A61B 5/14542 (2013.01);
(72) Inventors: Gabriel Enrique SOtO, Chesterﬁeld, A6IB 5/01 (201301), A6IB 5/4836 (201301),
MO (US): John Albert Spertus, AGIB 5/6846 (2013.01); A61B 5/6824
Kansas City, MO (US) (2013.01); A61B 5/6831 (2013.01); A61B 5/74
1) Appl. No.: 15/194,215 (2013.01); 4618 5/02444 (2013.01)
(22) Filed: Jun. 27, 2016 (57) ABSTRACT
Related U.S. Application Data Physiological sensors may be utilized to obtain physiologi-
(63) Continuation-in-part of application No. 13/968,915, cal data for a user. The sensor data may be utilized in
filed on Aug. 16, 2013, which is a continuation of  predicting a user’s outcome to a medical intervention using
application No. 13/673,346, filed on Nov. 9, 2012, one or more models. The models may be automatically
now Pat. No. 8,515,780, which is a continuation of ~ executed in response to receiving certain types and/or
application No. 12/965,656, filed on Dec. 10, 2010, amount of data, such as data received from one or more
now Pat. No. 8,311,849, which is a continuation of ~ physiological remote sensors, such as Internet of Things
application No. 11/072,053, filed on Mar. 4, 2005, sensors. The sensors may include heart rate sensors, arterial
now Pat. No. 7,853,456. pressure sensors, glucose sensors, temperature Ssensors,
(60) Provisional application No. 60/550,763, filed on Mar. weight SCnSOrs, blood OXYECLL SCLSOTS, urine sensors, saliya
52004, provisional anslication No. 60/554.700. filed sensors, skin conduction sensors, muscle sensors, brain
) » P pp » 10U, :
on Mar. 19. 2004, 51.gna1 sensors, and/or other sensors. A sensor may commu-
’ nicate over the 2360-2400 MHz and/or the 30-37.5 MHz
Publication Classification radio frequency (RF) band. The data may be received from
a networked data store. Execution of the models may
(51) Int. CL identify health issues in substantially real time, and the
A61B 5/00 (2006.01) operation of one or more medical devices may be modified
A61B 5/145 (2006.01) and/or a communication may be generated.

100
/
DEVICE REGISTRY]
SERVICE
103 114
ACTIONENGNE | ¢
S
104 PATIENT DATA
MODEL STORE
EXECUTION 16
ENGINE -
S
106
MODEL DATA
RULE EXECUTION
ENGINE
108
SENSOR DATA
PROCESSING
MODULE
110
SENSOR
INTERFACE
112
DATABASE
INTERFACE




Patent Application Publication  Dec. 8,2016 Sheet 1 of 35 US 2016/0354039 A1

100
102 e

DEVICE REGISTRY
SERVICE

103
ACTION ENGINE

114

-I
PATIENT DATA
STORE

104
MODEL
EXECUTION
ENGINE

116
l _
106

MODEL DATA
RULE EXECUTION STORE

ENGINE

108
SENSOR DATA
PROCESSING
MODULE

110
SENSOR
INTERFACE

112
DATABASE
INTERFACE

Fig. 1A



Patent Application Publication  Dec. 8,2016 Sheet 2 of 35 US 2016/0354039 A1

202
200
REGISTER ESTABLISH
SENSORS LINKS TO DATA
STORES

NEW DATA DETECTED
2

206
ACCESS RULES

206
EXECUTE RULES

210

EXECUTE MODELS
?

212
MODEL
EXECUTION

214

TAKE ACTION
?

216
TRANSMIT NOTIFICATION
AND/OR MODIFY MEDICAL _
DEVICE OPERATION Fig. 1B




Patent Application Publication

| Responses

124
Recommendation
? ™ 122
Categorization  €——

Dec. 8,2016 Sheet 3 of 35

™ 102
Create or
[dentify Survey
i N 104 108
Gather Data Storage
l 110
Univariate
Statistics
i /112
Multivariable
Analysis
L 114
Modeling ]
L /18
Personal Input
i /120

Evaluation
Modeling

Fig. 1C

US 2016/0354039 A1



Patent Application Publication  Dec. 8,2016 Sheet 4 of 35 US 2016/0354039 A1
Survival (%)
100 Pt
95 - e Tomea 0T
©d T
Severe
S Moderale

85 — o Ml

o e  MinIMAL

p < 0.0004
80 -
i f §
0 § 12 18 24
Time {fonths}

Fig. 2



Patent Application Publication

{-year

Mortality

Rate

124
10+

Moderate  Mild Minimal
{a=681) (n=1728) (n=123% (n=H56)

SAQ Physical Limitation Scores

Sever

Fig. 3

t-year
Mortality

Rate

ightly
Betler

1 e ng a A'
Worse Worse changed

Better
{n=298}{n=578) (n=2338) (n=439} (n=631)

$AG Angina Stability Scores
Fig. 5

Dec. 8,2016 Sheet 5 of 35

{-year
Mortality
Rate

12

Severe M@dera&e Mitd Minimai
(n=240) (n=539) (n=1268) (n=2437)

SAQ Anging Frequency Score

Fig. 4

f-year
Mortality
Rate

12

Excellent
(=816) (n=1461) {n=1791)

SAQ Quality of Life Scores

{n=316)

Fig. 6

US 2016/0354039 A1



Patent Application Publication  Dec. 8,2016 Sheet 6 of 35 US 2016/0354039 A1

Qccurrence of Death or ACS Qver 2 Years

SAG Angina
Frequency Sources 4.5% Evenl Rale {(n=2682) ~

/ \
e 3 12.4% Event Rate (n=2439) ¥
7 TTEEE:
" R EE R
0 ke % K ¥ * * 4
0 k% ¥ & x4 b
N IEEREX
%07 W4 & 6 8 6 o
4 = * % ¢ ¢ o o
30 = ¢ o ) o
9 o 0o o o o O
10 = .p a

ES [n} SRR o

" 20.4% Event Rate (n=280)

10 ! [ ] I ; ¥ R

§ § i
-10 0 0 20 3B 40 50 80 ¢ 80 8 W00 110

3AQ Physical Limitation Scores

Fig. 7



g Bi4
ai03% UiglEng mumuﬁmémw @muum
0% 12 0% Gz 18 §

i s 08

US 2016/0354039 A1

Dec. 8,2016 Sheet 7 of 35

) %9 98

[l wal

O a0 Qo

O i i
] [
UL 0 [SEERU NSNS EELE]EE)
O

o | \\\ \\\\%

Patent Application Publication

(% se umoys) 2,095 Aretiung
sjey UCISSIWPY JHO dn-majod Ag Y
sjusned 4HD s ybiH Buidnuap



Patent Application Publication  Dec. 8,2016 Sheet 8 of 35 US 2016/0354039 A1

120

i
§0
$AQ Angina Frequency {{/ =74}

Fig. 9

Targeting Services To The Most Needy
identifying the sickest 300 patienis

§26

(=51

SAQ Disease
Perception/QOL



Patent Application Publication  Dec. 8,2016 Sheet 9 of 35 US 2016/0354039 A1

Processor Interface
1002 1004

- 1000

Storage Unit
1006

Fersonal Data
1008

Rules Base
118

Group Model
1010

Fig. 10



Patent Application Publication  Dec. 8,2016 Sheet 10 of 35  US 2016/0354039 A1

AN
1102
Select Mode /,_, 1100
L
Get Group Model Hiod
L™
. 1106
interview
L™
Transmit/Store 1108
Process
N 0
. 111
Seoring
L™
120
Evaluation Modeling
Ve N
o 122 . 124
Categorization  f———g{ Recommendation

Fig. 11



Patent Application Publication  Dec. 8,2016 Sheet 11 of 35  US 2016/0354039 A1

Angina Frequency post-CABG
100

80

80

70— g~ /
ﬁﬂm—J

50 1 i i ] j T
Baseling®™  1mo 2mo 3mo 4mo 5mo 6mo

*=n<(),05 —g— Fconomically Burdened
-~ Not Burdened

Fig. 12A

Angina Frequency post-PGl
100

w'/
5{3 gi H i H I §

Baseling®  1mo” 2mo*  dmo* 4mo®  Smo* Gmo*

*20<0,05 ~dp— Economically Burdened
- Not Burdened

Fig. 12B



US 2016/0354039 A1

Dec. 8,2016 Sheet 12 of 35

Patent Application Publication

%02 %0¢ %200 %L 0
Yold (lupesy | oIS | Ues(
suonRoidwon
Yol %< %G1 %60
YOld (jupesy | SMOAS | yesg

SUOHEDCWLOD

el ‘bid

YOOWX  WeaMm  yeewX  Aep  fep
SUON  L»  /XZ-L  siowiog poL Ny Buibuy jo Aousnbaiy

A\

euBuy Aseydoibuy

Ualng

yesmy  Aep  Aep
SUON  Auuow Appopy MOWIOE XE-L N euibuy jo Asuanbeig

A\

guBuy Asbing ssedAg

alng




Patent Application Publication

Dec. 8,2016 Sheet 13 of 35

COMPUTER
MEMORY
1404

PROCESSOR
1402

STORAGE
UNIT
14086

SOFTWAREL
1403

Fig. 14

US 2016/0354039 A1



Patent Application Publication  Dec. 8,2016 Sheet 14 of 35  US 2016/0354039 A1

1500

e

\

INTERFACE
1508

PROCESSOR
1504

STORAGE UNIT
1506

DATABASE
1508

Fig. 15



QUTCOMES THOSE MOST CONSISTENT WITH
INDIVIDUAL PATIENTS PREFERENCES/GOALS

Patent Application Publication  Dec. 8,2016 Sheet 15 of 35  US 2016/0354039 A1
- 1800
T T
START !
= 4802
1606
~
1604 7Y T vy [ 1808
IDENTIFY X IDENTIFY
INDIVIDUAL %ﬁ%@iﬁf%ﬁfg DESIRED HEALTH
PATIENT DISEASE OF INDIVIDUAL OUTCOME OF
STATE AND PATIENT INDIVIDUAL
DEMOGRAPHIC PATIENT
¥
ASSESS SET OF CLINICAL [ )
DATA OF POPULATION 1610
‘F
SELECT FROM FAMILY OF DEFINED '1,;12

¥

PRESENT SELECTED SET OF OUTCOMES [
TO THE INDIVIDUAL PATIENT

1614

¥

SELECT CLINICAL
TREATMENT

-

1616

‘V
T —
< STOP

s

Fig. 16

3
1618



Patent Application Publication  Dec. 8,2016 Sheet 16 of 35  US 2016/0354039 A1

1700

e,
o

DENTIEY INDIVIDUAL PATIENT [
DISEASE STATE AND DEMOGRAPHIC | 1704

v

ASSESS SET OF CLINICAL DATA [

OF INDIVIDUAL PATIENT 1705
17107} ¢ 17127) ¥ [ 1708
ASSESS SET OF ASSESS SET OF ASSESS SET OF
CLINICAL DATA OF | | CLINICAL DATA OF | | CLINICAL DATA OF
15T POPULATION 370 POPULATION 2ND POPULATION
17147\ ¢ 17167 § y [ 1718

PROVIDE FIRST PROVIDE SECOND PROVIDE THIRD
REFERENCE DATA REFERENCE DATA REFERENCE DATA

ASSESSMENT ASSESSMENT ASSESSMENT
PROFILE PROFILE PROFILE
v [T1720

COMPARE FIRST AND

SECOND PROJECTED

POST-PROCEDURAL
QUTCOMES

¥
4

A1

SELECT APPROPRIATE o
REVASCULARIZATION PROCEDURE | 1722




Patent Application Publication  Dec. 8,2016 Sheet 17 of 35  US 2016/0354039 A1

ACCESg 1705

1802

ACCESS PATIENT /
DATA

o

Fig. 18



Patent Application Publication  Dec. 8,2016 Sheet 18 of 35  US 2016/0354039 A1

ACCESS 1710

1002
COLLECT FIRST REFERENCE //
DATA ASSESSMENT PROFILE [

1908

SELECT CABG o

Lo

Fig. 19



Patent Application Publication  Dec. 8,2016 Sheet 19 of 35  US 2016/0354039 A1

ACCESS 1714

2002

COLLECT SECOND REFERENCE W///
DATA ASSESSMENT PROFILE

2004

SELECT PCI o

2003 i

Fig. 20



Patent Application Publication

Dec. 8,2016 Sheet 20 of 35

COMPARE 1720

PERFORM STATISTICAL ANALYSIS
ON INDIVIDUAL PATIENT QUALITY
OF LIFE PROFILE TO INDICATE
APPROPRIATE POST-CARDIAC
CLINICAL REGIMEN

.

COMPUTE STATISTICAL
AVERAGE OF RESULT

!

COMPUTE STATISTICAL
DEVIATION OF RESULT

P

Fig. 21

US 2016/0354039 A1

2102

2104

2306



Patent Application Publication  Dec. 8,2016 Sheet 21 of 35  US 2016/0354039 A1

2200

” - 2212
2202 —~_ Server g Administrator

/ - 2214
( Research

7
- Agency
2206 ~/>/ 2208 —7 2208 . \

= —

Va

User User? User3

\\____,_,_f"‘/'—% \\v'/ﬁ\\w/
2204

Fig. 22



Patent Application Publication  Dec. 8,2016 Sheet 22 of 35  US 2016/0354039 A1

2204

Usert User? Usard

2212- \\ | / A~ 2200

.

@ator Server
o 2300

$ Patient1
TN T
(.{ /
2802 e Pallen2 | > 2308
i //
A K
? \\\\\ Patient3
22004 \
? 2304 )
sza. R 22@2#7 (.
¢ ? Single

P \
- 2214
Admin@» ServerA User N

Research | | Bulletin
Agency Agent
23@6"/

Fig. 23



Patent Application Publication  Dec. 8,2016 Sheet 23 of 35  US 2016/0354039 A1

2402
{)
........
2406] | RAM ROM || 2408
A [
N D
Li)l 2404
I 2400
e ym.w,J
T f’“w\
~A \ 2413
}» INTERNET 4

ST
Ry

— f <
cry |0 e
E— 2418 E—
24161 | RraM ROM [T~ 24300 | RAM ROM  |[24%2
i A
i o
Luli 2414 Tl 24
[~ 2428
2422 2436
] -
N - [a—
5 e A
5 .
2424 2438

Fig. 24



Patent Application Publication  Dec. 8,2016 Sheet 24 of 35  US 2016/0354039 A1

Fig. 26B
Pt dtuates o e o o . T—
; (AccountAuthenticaiion:r :
I | Manage Accguml :
; ! Register | E
\ - ,,,1
 Authentication and Registration
e e g e e -~
,/f(\ Parameter Library !\:‘Ianager} -
! b Parameter Definition Editor I \

( Cutcome Library Manager )

L«u—«w—«»—»«i Cutcome Definition Editor |
' Report Editor
(_ Model Library Manager )

b Model Definition Editor |
----- 4 States Editor ?

i

..... | Survival Data Editor |

Parameters Editor

Trangformations Editor |
------ 1 Terms Editor §

\ L— Auto-Term ,
\ Genarator
“ i
~ I

e e e e g O

* Model Design and Management Interface

» e e e e o S W
i /s S %
/7 (_ Model Selector -
Ll Patient Browser !

Patient Editor

{ Dynamic Data

| Collection Form

\  Generator
\______E_.____/

Visual Ouiput

i Rendering /

Customization

! interface

Y anmmmw-{ Report Viewer i S

M mm mm wm s e mm oRR e s mm mm A R i R e R s Gmm MR R SE e s . e R S s e eme . O

Clinical User Interface

P s n a n ke e wne ne s e e ne e

Fig. 25A



RPORTAL
INTERFACE

: L Module Editor |
——-f»—»{\ Role Manager )

—E—( User Manager )
L——-————{ User Editor ;

—+——(Data Bank Manager )

—+—(_ SystemLogs )
!
—\—( License Manager D!

~ Administrative Interface

Contacts

Contacts Editor

{" Discussions )

Discussion Editor

|

|

{" Documents l

\—:241 Documents Editor |
{  Events )

=] Event Editor |

|

|

|

|

HTML Editor

image Editor

O B el TS P PAPE AFRPURS PRSI S N

Link Editor
s " XMLIXSL

N e T XUKEL Editor

Ancillary Portal Content

Fig. 258

e o e o o e - e o oo o e e o o e s e
/ .
- { Announcements )
' C Announcement Editor

Patent Application Publication  Dec. 8,2016 Sheet 25 of 35  US 2016/0354039 A1

S - -
& %
i Site Settings ) \
—-»ir——{ Tab Manager )
| e Lay«;ut Editor |
—+—{ Module Manager ) T | Modute Settings

TS i s e e wm m mm m emm ma wm e Em = e

Th e mm s cmm e tes ixs mA e mms mms mm A M mm mm mms mm wm mm mm o



Patent Application Publication  Dec. 8,2016 Sheet 26 of 35  US 2016/0354039 A1

2500

DISPLAY A VISUAL SELECTION OF PARAMETRIC
REGRESSION FORMS

é

2504

ACCEPT SELECTION OF
PARAMETRIC REGRESSION FORM

¥

2508

DISPLAY REQUEST(S) FOR AN OUTCOME TYPE
AND ONE OR MORE REGRESSION MODEL
PARAMETER NAMES/TYPES/LIMITS/LISTS

¥

2507

DISPLAY A VISUAL SELECTION OF
(AT LEAST SOME) PARAMETER NAMES AND
MATHEMATICAL TRANSFORMG

é

2508

ACCEPT PARAMETER NAMES AND TRANSFORMS

:

2510

OBTAIN VALUES OF COEFFICIENTS FOR SELECTED
REGRESSION MODEL TYPE AND OUTCOME

¥

2512

STORE CUTCOME, ASSOCIATE COEFFICIENTS,
ACCEPTED NAMES, TYPES, AND LIMITS IN A MEMORY

Fig. 26



Patent Application Publication  Dec. 8,2016 Sheet 27 of 35  US 2016/0354039 A1

Model Details

General Information:
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Qutcome: ! Frobability of Having Angina Symptoms at One Year

Description: | This mode! predicts the probability of having angina
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percutaneous intervention for thelr coronary artery diseasa.
Data for the model s derived from 11389 subjects
participating in [NFORM, a regisiry of Acute Coronary
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Instifute and Truman Medical Center (Kansas City, MO}

Model Type: |Generalized Linear

version: |1.0.0
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Aodel Structure:
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Inference: | Population

Linear Predictor #:
D= By ¥ Bt v By,

Where coefficients £, ..., 8,

intercept Term(s): {.J]

andterms ... .. %,
Error Parameterization: m are defined below. Estimator 4
H=(1 v)~(.3'9?)~I

Qutput Plat Options:

Plot Label: | Angioplasty

|

Condenszed Plot Label: i PGl

§ (For mobile devices)

Model Parameters: (X, X, ..., X}

[Edit List

Name Category

Age Demographics

Angina Fatient Characteristics
AvoidCare Patient Characteristics
LungDisease Comorbidities
SF12PCS Clinical Characteristics

Parameter Transformations: (X Xy, Xy o)

Type
Continuous
Mominal
Mominal
Binary
Continuous

{Add New Transformation}

Name Parameter
Age Age
Ang_IndR2 Angina
AVCr_IndR2 AvoidCare
LungDz LungDisease
SF12RCS SF12PCS

Madel Terms: (X, X5 - Xy
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Identity [£dig
indicator {Edi]
indicator [Edit]
Identity (Edif]
Identity [Edit]

[Add New Term(s)]
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Name Descrntion Degenerate
Angin_i1 1if Angina r=1; 0 ptherwise Py 484 [Edi
Angin_i2 1 i Angina r=2; 0 ptherwise i 44 [EdY
Avoid i1 11 AvoidCare r=1, 0 otherwise # 4 |y
Avold_i2 1if AvoidCare r=2; { otherwise M 2& [FEdit
Age_ID Age = 4 [Edy
Lungld 1D Lunglisease|(/1] & 4§ [Fdif
SF12P 1D SF12PCS ] 4 [Edif
Coefficiant Vector: (8, A, ... [f,',) 3 Import
intsrcept Angin_i1 Avoid_i1
() (£, ()
| 0.5046018691 | | 0.4675835737 | | 0.87075678 |
Age 1D Lungb ID SFi2P_ID
{£,) {8.) {Fs}

| -0.020630729 |

| 10356267352 | | -0.026204752 |

Error Parameterization: (Required for cornputing confidence inlervals)

Covariance Matrix import
Irferoept Angin_it Avdig_it Age D Lungh ID
&) ) © &) o)
im‘;‘?t (0456042215 || 0117009671 || -0.042157233 || -DO03B34012 | 00187443 |
oy | , .
Aﬂgﬁ%ﬁ 01147080971 | 0.1138507627 || 0.0072859247 || -0.000000428 || 0.00306582 |
{c
Av?id}_ﬂ 0042157233 0.0072056287 | 0048365083 || 0.00035345%4 | 000014207 |
. | . j
Aqed_;D 0003534012 0000000428331 0.0003534514 | 010000508005 | -0.0000140 |
€,
LUHESJD 0018744335 00030658202  0.0001429750 0000014042 | 008462104 |
C

SF1(2£“ED O002437630 Q0001835103 GODDMBSGR37 Q000007332421 00025207

NOTE: Values below the diagonal will be refreshed on "‘Update’

Unpdate Delete this model Cancel
Fig. 27C
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General Information:

Name: | Mew Outcome

Outcome: [ Cne Year Cuicomes {INFORM)

Description: | Test outcome
Type: |Survival
Active Status: [ |

Qutput Plot Options:

Qutput Styieﬁ: Solid Bar

S,

Digital \

Op1: 06 (75,85) |
Op2: 61 (57,84) |
{_Op3: 50 (40,53) )

-~

Caplion: i Test
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Scale Factor:
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Custom Reports:

{Add New Report]
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Updale Delete this oulcome

{Edit]

Cancel
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Edit Parameter Definition

General Information:

Name: |Angina

Category: | Patient Characteristics

Description: | Assessment of Angina Fregusncy. This gusstion is derived
from the Seattle Angina Questionnaire (fem number 4).

Type: |Nominal

Active Status:

Rendering/Collection Delails:

Full Text: | Over the past four weeks, have you had any chest pain,
chest tightness or angina, or taken nitroglycerin {ablets or
spray) for these symptoms?

Short Text: ] Angina within 4 weeks E

Responses: [Add Response]
flem  Full Text Condensed
1 Yes Y
2 No N
Report Name [Edif]

Test report

Update Delete this oulcome  Cancel
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Please complete ali of the reguested items below:

1. Age {years) 55

2. Genden

@ Male

O Female
3. History of Diabetes: N
4. History of Renal Failure: N
5. History of Recent Heart Failure: £
6. History of Prior PCE {1
7. History of Chronic Lung Disease:
8. Hislory of Cerebrovascular Disease: ]
9. History of Peripheral Vascular Disease: ]
10. LV Ejection Fraction: 0.7
11. NYHA Class i - IV: []
12. Nor-slective PCE ]
13. Shock at the Time of PCI:
14. Left Main Coronary Artery Lasion: (]
15. Proximal LAD Coronary Artery Lesion: [
16. AHA Lesion Type:

O Low Risk {Type A)

@ Moderate Risk (Type B)

O High Risk {Type C)
17. Graft Treated:

Fig. 32
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SYSTEMS AND METHODS FOR UTILIZING
WIRELESS PHYSIOLOGICAL SENSORS

INCORPORATION BY REFERENCE TO ANY
PRIORITY APPLICATIONS

[0001] Any and all applications for which a foreign or
domestic priority claim is identified in the Application Data
Sheet as filed with the present application are hereby incor-
porated by reference under 37 CFR 1.57.

BACKGROUND
[0002] Field of the Invention
[0003] The present invention relates generally to appara-

tuses and methods for utilizing sensor data and modeling
outcomes for medical interventions.

[0004] Background

[0005] Physiological sensors are increasingly being used
to sense various physiological conditions. However, disad-
vantageously, conventionally, the sensor information is
inadequately used for predicting adverse health-related
events. As a result, patient medical issues and/or future
health states are often not adequately predicted, needlessly
resulting in adverse patient medical outcomes, which may
require significant medical resources to address.

SUMMARY

[0006] The following presents a simplified summary of
one or more aspects in order to provide a basic understand-
ing of such aspects. This summary is not an extensive
overview of all contemplated aspects, and is intended to
neither identify key or critical elements of all aspects nor
delineate the scope of any or all aspects. Its sole purpose is
to present some concepts of one or more aspects in a
simplified form as a prelude to the more detailed description
that is presented later.

[0007] Physiological sensors may be utilized to obtain
physiological data for a user. The sensor data may be utilized
in predicting a user’s outcome to a medical intervention
using one or more models. The models may be automatically
executed in response to receiving certain types and/or
amount of data, such a data received directly or indirectly
from one or more physiological remote sensors, such as
Internet of Things (Iot) sensors. The sensors may include
heart rate sensors, arterial pressure sensors, glucose sensors,
temperature sensors, weight sensors, blood oxygen sensors,
urine sensors, saliva sensors, skin conduction sensors,
muscle sensors, brain signal sensors, and/or other sensors.
The data may be received from one or more networked data
stores. Execution of the models may identify health issues in
substantially real time, and the operation of one or more
medical devices may be modified and/or one or more
communications may be generated.

[0008] Systems and methods are disclosed for predicting a
patient’s outcome to a medical intervention (or the lack
thereof) using one or more predictive models. The models
may be automatically executed in response to receiving a
critical or threshold mass of certain types of data, such as
patient data. For example, the data may be received from one
or more remote sensors, such as physiological sensors (e.g.,
Internet of Things (IoT) sensors) that measure heart arrhyth-
mias, arterial pressure, glucose, oxygen, etc. The data may
be submitted to a database via an application programming
interface. The database may be accessed by a model execu-

Dec. 8, 2016

tion system. Upon receipt of new patient data, the model
execution system can determine whether to execute one or
more models and which models to execute. Based at least in
part on the results of the model execution, the system may
optionally take one or more actions.

[0009] An aspect of the disclosure relates to a sensor
system, comprising; a sensor interface configured to receive
sensor signals from a plurality of physiological wireless
sensors; one or more computing devices; a non-transitory
memory medium that stores instructions that when executed
by the one or more computing devices causes the sensor
system to perform operations comprising: establish a virtual
private network; receive over the virtual private network
sensor data from one or more physiological wireless sensors
associated with a first user, the physiological wireless sen-
sors comprising at least a heart rate sensor that provides
heart rate sensor data for the user, an arterial pressure sensor
that provides arterial pressure sensor data for the user, a
glucose sensor that provides glucose sensor data for the user,
a blood oxygen sensor that provides blood oxygen sensor
data for the user, or a body temperature sensor that provides
body temperature sensor data for the user; determine, based
at least in part on the received sensor data, whether a first
biological event predictive model is to be executed; at least
partly in response to determining that the first biological
event predictive model is to be executed, execute the first
biological event predictive model using at least a portion of
the received sensor data to provide a biological prediction
for the user; based at least in part on the biological prediction
for the user, determine whether an operation of a first
medical device of the user is to be modified; at least partly
in response to determining that the operation of the first
medical device of the user is to be modified, cause the
operation of a first medical device of the user to be modified,;
at least partly in response to determining that the operation
of the first medical device of the user is not to be modified,
leave the operation of the first medical device of the user
unmodified. Optionally, at least one of the physiological
wireless sensors comprises a biomedical microelectrome-
chanical (MEMs) system configured to perform sample
preconditioning and output preconditioned sample data.
Optionally, at least one of the physiological wireless sensors
is configured to communicate over a 2360-2400 MHz radio
frequency band and/or a 30-37.5 MHz radio frequency band.
Optionally, at least one of the physiological wireless sensors
is assigned a unique Internet Protocol address. Optionally, at
least one of the physiological wireless sensors comprises an
implanted sensor or a sensor surface-mounted on a body of
the user in a fixed position. Optionally, at least one of the
physiological wireless sensors is worn using a wrist band.
Optionally, at least one of the physiological wireless sensors
comprises a processing device, a battery, and a wireless
transceiver. Optionally, the sensor system is configured to:
dynamically generate a data interface to collect a plurality of
types of health status information, demographic informa-
tion, and clinical information, wherein the interface com-
prises a human-readable interface and/or a machine-read-
able interface; collect the plurality of types of health status
information, demographic information, and clinical infor-
mation using the data interface; identify potentially signifi-
cant predictors of future health states based at least in part
on information collected using the data interface; generate
the first biological event predictive model using the identi-
fied potentially significant predictors of future health states.
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Optionally, the sensor system is configured to: generate
treatment recommendations based at least in part on genet-
ated predictor results obtained from executing the first
biological event predictive model.

[0010] An aspect of the disclosure relates to a method
comprising: receiving over a virtual private network at a
computer system comprising a computing device encrypted
sensor data from one or more physiological sensors associ-
ated with a first user, the physiological sensors comprising
at least a heart rate sensor that provides heart rate sensor data
for the user, an arterial pressure sensor that provides arterial
pressure sensor data for the user, a glucose sensor that
provides glucose sensor data for the user, a blood oxygen
sensor that provides blood oxygen sensor data for the user,
or a body temperature sensor that provides body temperature
sensor data for the user; determining by the computer
system, based at least in part on the received sensor data,
whether a first biological event predictive model is to be
executed; at least partly in response to determining that the
first biological event predictive model is to be executed,
executing by the computer system the first biological event
predictive model using at least a portion of the received
sensor data to provide a biological prediction for the user;
based at least in part on the biological prediction for the user,
determining by the computer system whether a first action is
to be taken, the first action comprising transmission of an
electronic notification and/or a modification of an operation
of a first medical device; at least partly in response to
determining that the first action is to be taken, transmitting
by the computer system the electronic notification and/or
causing the operation of a first medical device of the user to
be modified; and at least partly in response to determining
that the first action is not to be taken, not taking, by the
computer system the first action.

[0011] An aspect of the disclosure relates to a system,
comprising; a sensor interface configured to receive sensor
signals from one or more physiological wireless sensors; one
or more computing devices; a non-transitory memory
medium that stores instructions that when executed by the
one or more computing devices causes the system to per-
form operations comprising: receive over a network sensor
data from one or more physiological sensors associated with
a first user, the one or more physiological sensors compris-
ing at least a heart rate sensor that provides heart rate sensor
data for the user, an arterial pressure sensor that provides
arterial pressure sensor data for the user, a glucose sensor
that provides glucose sensor data for the user, a blood
oxygen sensor that provides blood oxygen sensor data for
the user, or a body temperature sensor that provides body
temperature sensor data for the user; determine, based at
least in part, on the received sensor data whether a first
biological event predictive model is to be executed; at least
partly in response to determining that the first biological
event predictive model is to be executed, execute the first
biological event predictive model using at least a portion of
the received sensor data to provide a biological prediction
for the user; based at least in part on the biological prediction
for the user, determine whether a first action 1s to be taken,
the first action comprising transmission of an electronic
notification and/or a modification of an operation of a first
medical device; at least partly in response to determining
that the first action is to be taken, transmit the electronic
notification and/or cause the operation of a first medical
device of the user to be modified.
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[0012] Systems and methods are described for analyzing
medical information by comparing the medical information
against a statistically validated study to make an expert
description or proactive recommendation in the form of a
risk assessment. Methods and apparatus are disclosed have
the capacity to rapidly disseminate assessments in a variety
of formats and to be updatable as new information becomes
available. Thus, some disclosed configurations provide
assurance that the most accurate models can be provided for
use at all times. Information provided can be used by
physicians and patients to make informed decisions, such
that the risk associated with a medical procedure can be
gauged relative to the potential benefit of performing the
procedure. Furthermore, some configurations of the system
may use risk models to analyze real-time biometric data to
identify imminent adverse health risks; this information may
be used by the patient or a physician to take interventions
that may reduce the risk.

[0013] Therefore, disclosed configurations can help maxi-
mize the potential benefit from a particular intervention
procedure and allow selection of the best of several alter-
native procedures.

[0014] Furthermore, some disclosed configurations facili-
tate rapid translation of evidenced-based predictive models
into robust tools (for example, web-based tools) capable of
providing visual representations of predicted outcomes.
When used in a medical environment to provide outcome
predictions at the point of patient care, some configurations
can be used to rapidly disseminate the newest knowledge to
the clinical setting.

[0015] Moreover, outcomes researchers can use various
disclosed configurations to create powerful evidence-based
tools that deliver decision support at the point of care for
diagnostic workups and treatment selection. In the manage-
ment of acute coronary syndromes (ACS), for example,
physicians can get immediate probability estimates for out-
comes such as survival, angina frequency, or physical limi-
tation at one year for all possible treatment options, as well
as risk-projections for procedural complications.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Embodiments will now be described with reference
to the drawings summarized below. These drawings and the
associated description are provided to illustrate example
embodiments, and not to limit the scope of the invention.

[0017] FIG. 1A illustrates an example model execution
architecture;
[0018] FIG. 1B illustrates an example process model

execution process;

[0019] FIG. 1C is a process schematic diagram that illus-
trates the creation of a statistical model through the use of
data collection and statistical processing, together with
inversion and prognostic use of the statistical model in
evaluating new responses;

[0020] FIG. 2 shows a prognostic statistical model includ-
ing Kaplan-Meier calculation results that demonstrate
increasing mortality over time on the basis of Seattle Angina
Questionnaire (SAQ) scores that have been stratified in
quartiles of relative disease severity;

[0021] FIG. 3 shows a prognostic statistical model includ-
ing a bar graph that relates SAQ physical limitation scores
to one year mortality in the test study group;
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[0022] FIG. 4 shows a prognostic statistical model includ-
ing a bar graph that relates SAQ angina frequency scores to
one year mortality in the test study group;

[0023] FIG. 5 shows a prognostic statistical model includ-
ing a bar graph that relates SAQ angina stability scores to
one year mortality in the test study group;

[0024] FIG. 6 shows a prognostic statistical model includ-
ing a bar graph that relates SAQ quality of life scores to one
year mortality in the test study group;

[0025] FIG. 7 shows a descriptive statistical model includ-
ing a plot of scores from two different health status domains
including SAQ Angina Frequency Score and SAQ Physical
Limitation Score, such that spatial regions of the plot are
associated with extremely high risk of mortality;

[0026] FIG. 8 shows a descriptive statistical model includ-
ing a plot of scores from two different health status domains
including Kansas City Cardiomyopathy (KCCQ) Summary
Score and KCCQ Self-Efficacy Domain Score; such that
spatial regions of the plot are associated with extremely high
risk of mortality;

[0027] FIG. 9 shows a descriptive statistical model includ-
ing a plot of scores from two different health status domains
including SAQ Angina Frequency Score and SAQ Disease
Perception/Quality of Life Score, such that spatial regions of
the plot are associated with patients experiencing frequent
symptoms that are having an extremely adverse effect upon
their quality of life;

[0028] FIG. 10 shows an example medical evaluation
system;
[0029] FIG. 11 shows a flow chart illustrating an operation

of the system of FIG. 10;

[0030] FIGS. 12A and 12B are comparative graphs show-
ing that angina frequency may vary depending upon the type
of clinical procedure a patient has undergone and the demo-
graphic background of the patient;

[0031] FIG. 13 shows comparative statistics including
complications and angina frequency according to different
therapeutic options;

[0032] FIG. 14 is a system schematic diagram illustrating
various components that may be used to assist patients and
medical workers in selecting a clinical procedure based upon
a desired patient goal or outcome;

[0033] FIG. 15 shows additional aspects that may be
included in the system of FIG. 14 according to one embodi-
ment;

[0034] FIG. 16 is a flow diagram of process steps to obtain
and to store data according to one embodiment;

[0035] FIG. 17 is a flow diagram of process steps to obtain
stored data according to one embodiment;

[0036] FIG. 18 is a flow chart illustrating additional detail
with respect to FIG. 17,

[0037] FIG. 19 is a flow chart illustrating additional detail
with respect to FIG. 17,

[0038] FIG. 20 is a flow chart illustrating additional detail
with respect to FIG. 17,

[0039] FIG. 21 is a flow chart illustrating additional detail
with respect to FIG. 17,

[0040] FIG. 22 illustrates an intranet of medical evaluation
system users connected to a local server which permits the
users to share information; and

[0041] FIG. 23 illustrates an internet of medical evaluation
system users connected to a website server which permits
the users to share information.
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[0042] FIG. 24 is a pictorial block diagram of an example
configuration of a computer network.

[0043] FIG. 25A-B are block diagrams showing the
example logical structure of an example configuration of a
server module.

[0044] FIG. 26 is a flow chart illustrating instruction steps
provided by some configurations of the server module of
FIG. 25 in some example configurations.

[0045] FIG. 27A-C are examples of a display of a visual
selection of parametric regression model forms.

[0046] FIG. 28 is an example of a display of an outcome
type screen.

[0047] FIG. 29 is an example of a display of a parameter
name screen.

[0048] FIG. 30 is a flow chart illustrating additional
instruction steps provided by some configurations of the
server module of FIG. 25 in some example configurations.
[0049] FIG. 31 is an example of a display that provides a
visual selection of previously stored models.

[0050] FIG. 32 is an example of a display requesting
parameter data.
[0051] FIG. 33 is an example of a result display provided

by some example configurations.

DETAILED DESCRIPTION

[0052] Systems and methods are disclosed for predicting a
patient’s outcome for a given medical intervention (or the
lack thereof) using one or more predictive models. The
models may predict the likelihood of a biological event
based on one or more items of data. For example, a model
may predict the likelihood of death based on age, presence
of congestive heart failure, and health status. By way of
further example, a model may predict the likelihood of
complications in a post-coronary attack patient having had
bypass surgery. By way of yet further example, a model may
predict the likelihood of complications in a post-coronary
attack patient having had angioplasty. By way of yet another
example, a model may predict the risk of an imminent heart
attack or stroke by analyzing real-time biometric data of an
individual.

[0053] The models may be automatically executed in
response to receiving a critical or threshold mass of certain
types of data, such as patient data. For example, the data may
be received from one or more remote sensors, such as
physiological sensors (e.g., physiological Internet of Things
(IoT) sensors) that measure heart arrhythmias, arterial pres-
sure, glucose, blood oxygen, other physical characteristics
of blood, readiness to give birth, measurement of skin
parameters (e.g., skin hydration, conduction, etc.), the rate of
fluid loss from the patient’s body surface, physical charac-
teristics of electrolytes, brain signals, respiration, electrical
muscle signals, temperature, etc. The data may be submitted
to a database via an application programming interface. The
database may be accessed by a model execution system.
Upon receipt of new patient data, the model execution
system can determine whether to execute one or more
models and which models to execute. Based at least in part
on the results of the model execution, the system may
optionally take one or more actions. Some or all of the
actions may optionally be performed in substantially real
time after the model execution results are generated.
[0054] Thus, models are dynamically executed when the
system determines there is a sufficient amount of data (e.g,,
from a heart arrhythmia sensor, an arterial pressure sensor,
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a glucose sensor, a blood oxygen sensor, a skin hydration
sensor, a skin conduction sensor, a fluid loss sensor, a urine
sensor, a saliva sensor, an electrolyte sensor, a brain signal
sensor, a respiration sensor, an electrical muscle signal
sensors, a patient medical data store, etc.) to enable the
models to execute and provide accurate results, thereby
reducing erroneous computational results. Further, the load-
ing on system resources (e.g., computational resources,
memory resources, etc.) may be reduced by inhibiting the
ineffectual execution of models. Based at least in part on the
results of the model execution, the system may optionally
take one or more actions.

[0055] For example, if the model execution indicates that
a patient is at a significantly heightened risk of needing a
hospital admission for a predicted medical event (e.g., a
heart attack, heart failure exacerbation, etc.), the system may
generate an electronic notification and transmit the notifi-
cation to one or more destinations (e.g., the patient, the
patient’s healthcare provider, a patient family member, a
patient caretaker, etc.). The notification may be in the form
of an email, a short message (e.g., an SMS text message or
an MMS multimedia message), an automated phone call, an
alert provided via a dedicated application, etc. By way of
further example, the action may include altering the opera-
tion of a medical device to rectifv an adverse medical
condition identified via the model execution. For example, if
the model execution predicts that a patient’s glucose levels
(as measured by a glucose monitoring device or from
information entered into a patient database record) and/or
the patient’s current physical activity (e.g., as measured by
a wearable device) will result in hypoglycemia, the system
can cause an insulin pump to vary the amount of insulin the
patient receives. The model execution may also indicate that
there is no need to modify the operation of a medical device
at the current time, and so the operation of the medical
device may be left unaltered.

[0056] FIG. 1A illustrates an example model execution
architecture. The illustrated architecture enables a model
execution system 100 to access health-related data, includ-
ing patient data, from a plurality of sources. The model
execution system 100 may be a cloud-based system com-
prising one or more co-located or geographically separated
servers. The sources may be local to the model execution
system 100 and/or may be accessed over a network (e.g., the
Internet, a local area network, a cellular network, etc.).

[0057] The sources may include one or more health related
sensors 122A-122x (e.g., physiological sensors, Internet of
Things (IoT) sensors, etc.), one or more remote data stores
124 (e.g., patient databases), and/or data entry from one or
more terminals 126 (e.g., a patient or health provider smart
phone, laptop computer, desktop computer, networked tele-
vision, or other networked device). The sensors may be
external or internal to a patient. One or more of the sensors
may be built into implanted medical devices, such pacemak-
ers, insulin pumps, etc. Thus, the sensors may optionally
include implants, sensors surface-mounted on the body of a
user in a fixed position (e.g., via adhesive or tape), easily
removable wearable sensors (e.g., wristbands having a
buckle or other device to enable easy removal), and/or may
be or include accompanied devices which may be carried in
a bag or clothes pocket. The sensors may wirelessly com-
municate with, and transmit sensor data to another local
device (e.g., a user mobile phone, tablet computer, laptop
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computer, or other networked device), which may in turn
communicate sensor data to the model execution system
100.

[0058] Examples of sensors may include a CAT scan
device 122A, a wearable device 122B (e.g., a smartwatch
with sensors that detect heart rates, blood oxygen levels,
etc., a glucose measuring sensor, Holter, Event, and/or MCT
sensors to detect heart arrhythmias, sensors to detect amount
of walking or other physical activity, etc.), a weight scale
122C, and/or a body temperature sensor 122D. Other
example sensors may include an arterial pressure sensor, a
skin hydration sensor, a skin conduction sensor, a fluid loss
sensor, a urine sensor, a saliva sensor, an electrolyte sensor,
a brain signal sensor, a respiration sensor, an electrical
muscle signal sensors, or the like. The sensors may option-
ally include biomedical microelectromechanical (MEMs)
systems. For example, a biomedical MEM system may be
configured to receive bodily fluid samples (e.g., saliva,
urine, blood, etc.), and perform sample preconditioning,
sample fractionation, signal amplification, and analyte
detection, and/or output/transmit analyte detection data. The
sensors may be part of a wireless body sensor network,
wherein two more body sensors wirelessly communicate
with each other. The sensors may include a processor, a
battery, and wireless interface circuits (e.g., a transceiver),
such as W-Fi, Bluetooth® (e.g., low power Bluetooth®),
cellular, Zigby, and/or other wide area, local, or personal
area wireless interface circuits. A sensor may optionally
communicate over the 2360-2400 MHz and/or the 30-37.5
MHz radio frequency (RF) band. One or more of the sensors
may be assigned a unique Internet Protocol (IP) addresses.
The sensor data may be received via sensor interface 110.
[0059] A sensor data processing module 108 may be used
to pre-process data received from sensors. The sensor data
processing module 108 may provide a data mapping service
that readies the data for subsequent funneling into a speci-
fied model for execution. For example, the sensor data
processing module 108 may perform unit conversions, nor-
malization, formatting, and/or data filtering on the sensor
data.

[0060] The model execution system 100 may register a
given sensor/medical device via a device registry service
102 which may enable a health provider or patient to
associate a unique sensor identifier with a patient, identify a
sensor IP address, the sensor type and/or specify the data-
type and units of measurements for the data provided by the
sensor. The device registry information may be stored in a
patient data store 114 in association with a unique patient
identifier. The patient data store 114 may include informa-
tion on the patient’s current treatment. Such patient treat-
ment information may be automatically reported to the
patient data store 114 by other databases, such as data store
124 (e.g., when new patient health-related data is received
by the other databases). The patient data store 114 may
include other patient information discussed herein. The
patient data store 114 may comprise an SQL database.
[0061] To enhance secure communication, the sensors
122A-122r and/or data store 124 may communicate with the
model execution system via a virtual private network. The
virtual private network may include a virtual partitioning of
a portion of a wired or wireless network to enable the sensor
data to be securely portioned from non-safety critical data
communicated for the medical entity (e.g., a hospital or
medical group) operating the model execution system 100.
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The model execution system 100 may receive real time data
from the sensors. A Secure Socket Layer (SSL) protocol
configured for Internet of Things devices may be utilized to
encrypt communications between sensors and the model
execution system 100 over the network to ensure the secu-
rity and privacy of IOT sensor communications, and to
prevent reading or modification of such messages by third
parties. Optionally, a symmetric-key block cipher or the
Advanced Encryption Standard (AES) may be utilized
encrypt communication and to ensure the security and
privacy of IOT sensor communications, and to prevent
reading or modification of such messages by third parties.
[0062] The patient data store 124 may be associated with
healthcare providers, such as a doctor or hospital, or with a
test facility that test’s patients or that processes patient test
samples (e.g., blood samples, tissue samples, genetic
samples, etc.). The data store 124 may include databases
disclosed herein. The data store 124 may interface with the
system 100 via a database interface 112. The database
interface 112 may include, for example, an Open Database
Connectivity (ODBC) application programming interface
(API) or Python Database API that provide a translation
layer between the model execution engine 104 and the
corresponding database management system.

[0063] The rule execution engine 106 may determine, for
a given patient, when one or more models are to be executed
by the model execution engine 104. The determination may
be based at least in part on whether certain new patient data
has been received, and optionally the quantity and type of
new patient data. For example, data thresholds may be
defined for one or more data sources, where if certain data
thresholds or met or exceed one or more models are
executed. Optionally, each data source and/or data source
type may be assigned its own threshold. Optionally, one or
more complex execution rules may be defined. For example,
an execution rule may be a Boolean equation that defines
when a model execution is to be performed. By way of
illustration, the rule may test data quantities from a plurality
of sources in determining whether a model execution is to be
performed and which model(s) are to be executed.

[0064] A rule may be expressed in the form of:

[0065] If data_quantity from DataSource'+ . . . Data-
Source”zThreshold, then

[0066] execute Models' - -~

[0067] An example rule may be in the form of:

[0068] Example 1: if  data_quantity from

DataSource'zThreshold!, then execute Model!

[0069] A more complex rule may involve data from mul-
tiple sources and the execution of multiple models. An
example of such a rule is as follows:

[0070] Example 2: if  data_quantity
DataSource'>Threshold"; OR

[0071] if data_quantity from DataSource®=Threshold?;
OR

[0072] if data_quantity from DataSource'zThreshold®
AND if data_quantity from DataSource®zThreshold*; then
execute Model' and Model®

[0073] The rule execution engine 106 may access respec-
tive thresholds and/or rules (e.g., from the model data store
116) at least partly in response to receiving new patient data
from one or more respective data sources, and then execute
the rule(s). Based on the result of the rule execution, the rule
execution engine 106 may instruct the model execution
engine 104 to execute the corresponding models. The model

from
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execution engine 104 may access the models from the model
data store 116 and execute the models. As discussed else-
where herein, the models may be evidence-based models
configured to predict a patient’s outcome to a medical
intervention (or lack thereof). The models may be statistical
models. Example optional models include linear, logistic,
cumulative logit, and multinomial models.

[0074] The action engine 103 may receive the model
execution results and take the appropriate action(s). As
similarly discussed above, example actions may include the
generation and transmission of notifications/alerts and/or
modification of the performance of one or more medical
devices. The notification may be in the form of an email, a
short message (e.g., an SMS text message or an MMS
multimedia message), an automated phone call, an alert
provided via a dedicated application, etc. provided to or via
a terminal of the patient, the patient’s healthcare provider, a
patient family member, a patient caretaker, etc. Examples of
modification of the performance of a medical device may
include modification of insulin being pumped by an insulin
engine. By way of further example, the action may be to
alter the operation of a medical device to rectify an adverse
medical condition identified via the model execution by
transmitting updated operating parameters/commands to the
medical device over a network. For example, if the model
execution determines that a patient’s glucose levels (as
measured by a glucose monitoring device or from informa-
tion entered into a patient database record) are at an unde-
sirable level, the system can cause an insulin pump to vary
the amount of insulin the patient receives. Other example
actions may include the modification of the electrical pulses
provided to a heart by a pacemaker, the electrical pulses
provided by a vagus nerve stimulation device to the brain via
the vagus nerve, etc.

[0075] FIG. 1B illustrates an example process. Some or all
of the process may be executed by the model execution
system 100. At block 200, the process registers sensors with
the system. As similarly described above, the registration
information may include a unique sensor identifier, a unique
patient identifier for the patient associated with the sensor, a
sensor [P address (which may also serve as the unique sensor
identifier), the sensor type and/or the data-type and units of
measurements for the data provided by the sensor. The
registration may be performed via data received from a
patient or medical provider system via an APIL. The sensor
registration information may be stored in a memory store,
such as the patient data store 114. At block 202, a link is
established with various other data stores, such as data store
124.

[0076] At block 204, the process determines whether new
patient data has been received or entered for a given patient.
For example, optionally a determination may be made as to
whether the model execution system 100 has received new
sensor data from sensors associated with a patient. If new
sensor data is received, the model execution system 100 may
compare a unique identifier associated with the sensor that
is received in association with the sensor data with that of
registered sensors to determine if there is a match, and if so,
to identify which patient the sensor and sensor data is
associated with. By way of further example, optionally a
determination may be made as to whether the patient data
store 114 or other data stores, such as data store 124, have
received new relevant information regarding the patient
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(e.g., medical test results, information provided by the
patient regarding the patient’s health, etc.).

[0077] If a determination is made that new data has been
detected, at block 206, model execution rules are accessed
from memory. At block 208, the model execution rules are
executed to determine whether any models are to be
executed. At block 210, a determination is made based on
the results of the rules execution as to whether any models
are to be executed and which models are to be executed. If
the determination indicates that one or more models are to
be executed, at block 212, the models are executed. The
model execution process may access the new data as well as
historical data regarding the patient and use such data in the
model execution.

[0078] At block 214, a determination is made based at
least in part on the result of the model execution, whether
any action is to be taken and if so, what action. For example,
as discussed elsewhere herein, the action may be a notifi-
cation and/or the modification of the operation of a device,
such as a medical device. For example, if the model execu-
tion indicates that a patient is at a significantly heightened
risk of needing a hospital admission for a predicted medical
event (e.g., a heart attack), the system may generate an
electronic notification and transmit the notification to one or
more destinations (e.g., devices or accounts associated with
the patient, the patient’s healthcare provider, a patient family
member, a patient caretaker, etc.). By way of further
example, the action may be to alter the operation of a
medical device to rectify an adverse medical condition
identified or predicted by the executed model(s). For
example, if the model execution predicts that a patient’s
glucose levels and/or the patient’s current physical activity
will result in hypoglycemia, the process can cause an insulin
pump to vary the amount of insulin the patient receives.
[0079] Some example configurations provide a user-
friendly architecture for a clinician to input patient data on
an internet, mobile, or handheld computerized device. The
device may be a remote device that is part of an intranet,
internet, or both, and calculations may be performed on the
remote device or on a server. Analysis of inputted data uses
statistical models that may be downloaded from the internet,
a CD, DVD, or other electronic medium or may be created
by the user or by another entity via a guided process for
formula construction. Statistical models may include linear,
logistic, ordinal, cuamulative logit, survival, and multinomial
models. The results of the statistic analysis are displayed
within minutes such that they may be used as a rapid clinical
decision aid. Numerous display options allow clinicians and
patients to choose how the results appear. For example,
horizontal graphs, vertical graphs, side-by-side stacking
plots, whisker plots, etc. are provided as user-selectable
options.

[0080] Systems and methods disclosed herein may be used
in conjunction with those disclosed in application Ser. No.
PCT/US06/07792, “Methods and Apparatus for Providing
Decision Support,” and those disclosed in U.S. Pat. No.
7,853,456 “Systems and Methods for Risk Stratification of
Patient Populations” the contents of which are incorporated
herein by reference in their entirety.

[0081] Some example configurations integrate with exist-
ing information technology infrastructure. The multi-tiered
architecture of some configurations includes presentation,
application, and data layers, which are separately identifi-
able but interoperable. In some configurations, an applica-
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tion layer controls data collection, model execution, and
portal site management. The data layer contains encrypted or
otherwise protected data, in conformance with HIPAA regu-
lations for the protection of health information.

[0082] The emergence of the internet and mobile comput-
ing devices has created new opportunities for researchers in
the health care field to translate their evidenced-based pre-
dictive models into clinical decision aids. However, a num-
ber of barriers continue to prevent researchers from taking
advantage of these technologies, including (1) the need for
expertise in a computer programming language or applica-
tion development environment; (2) the challenge of creating
a system that can adapt to a broad range of clinical practice
settings, each with unique workflow constraints; (3) the need
for a sustainable mechanism for updating predictive models
and deploying revisions in a timely fashion; (4) the difficulty
of integrating with existing information technology (IT)
infrastructures and disparate clinical information systems;
and (5) the need to maintain the highest level of security for
storing and transmitting protected health information (PHI)
in accordance with HIPPA.

[0083] In an ideal world, outcomes researchers would
have a pre-existing, technological framework in place that
would allow them to rapidly translate their predictive mod-
els into clinical decision aids without having to invest
significant personnel or financial resources. Researchers
could use a visually-based interface for implementing pre-
diction models and would have access to a full range of
services for managing and deploying models across a broad
range of devices in diverse health-care settings. The need for
primary data entry on the part of clinicians and their staff
would be minimized by built-in data storage capabilities as
well as support for industry-standard protocols for exchang-
ing health information with existing systems. These same
data exchange mechanisms could also be used to provide
web-based services that could go beyond clinical decision
aids; for example, resource planning services that input
whole population databases to project future disease preva-
lences and resource requirements.

[0084] In some configurations, a risk manager service is
an application suite useful for building customizable web-
based prediction tools that can be readily integrated into the
workflow of patient care. Some configurations make use of
MICROSOFT® NET framework and MICROSOFT®
Internet Information Services (IIS) and MICROSOFT®
SQL Server to create a robust multi-tier system that can
deliver enterprise-level performance. However, example
configurations are not limited to using any particular soft-
ware company’s software tools.

[0085] Some example configurations provide a web portal
delivery system. A customizable portal engine delivers con-
tent to web-based clients. Page content in some configura-
tions 1s authored using a built-in interface similar to that of
a word processor, or the content can be edited directly as
HTML or other appropriate mark-up language. A set of
portal content modules includes, in some configurations,
workgroup directories, discussion threads, and document
repositories that allow outcomes research groups to create,
manage, and build their own collective web sites.

[0086] Some example configurations provide a virtual
prediction formula designer. An intuitive graphical user
interface is provided that allows researchers to implement
prediction formulae derived from standard statistical mod-
els. In many configurations, it is not necessary that research-
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ers write software code directly. Instead, the configuration
guides users through each phase of the formula construction
process while supporting a range of statistical models. These
models can include linear, logistic, cumulative logit, and
multinomial models. Validation checks are used in some
configurations to ensure the internal consistency of formulae
before the formulae are published to the web either for direct
us, use through an intermediary, or use via a hand-held PDA
or similar device.

[0087] Also, some example configurations provide a
dynamic data collection system that individually customizes
the necessary data input to the most parsimonious set of
variables needed to conduct the requested analysis. A ren-
dering engine creates data-input forms “on-the-fly.” Col-
lected data can be stored for subsequent retrieval, and data
entry fields can be pre-populated with previously stored
values in accordance with administratively defined data
expiration policies.

[0088] Inaddition, some example configurations provide a
graphical display of model output. Some configurations
provide a plurality of graphical display options that are
configured to help clinicians and patients understand model
results and drive shared decision making. Examples include
gradient-filled horizontal bar plots, solid-filled vertical bar
plots, whisker plots, and “figuring” plots. Optional side-by-
side stacking of plots provided in some configurations
makes it easier to compare related outcomes (for example,
expected results of different treatments for a particular
condition) and allow display of relative treatment benefits
derived from previously conducted randomized clinical tri-
als. Customizable report templates are also provided in some
configurations to allow such outputs to be configured into
decision aids, informed consent documents, and patient
educational materials.

[0089] Some example configurations provide cross-plat-
form support. For example, support is provided for a plu-
rality of platforms that may include NETSCAPE® browser,
INTERNET EXPLORER® browser, CHROME® browser,
SAFARI® browser, and mobile device support for WAP/
WML and/or Pocket Browser devices. Thus, physicians can
have access to predictive models in various clinical settings
in which wired and/or wireless network service is available.

[0090] Some configurations provide a broad assortment of
graphical output options that facilitate the sharing of infor-
mation with patients, thereby allowing physicians and
patients to reach a consensus decision regarding therapy that
best meets the desires, needs, and expectations of the patient.

[0091] Enterprise-level performance is provided using a
multi-tier application architecture that allows organizations
to use high-performance servers such as IIS and MICRO-
SOFT® SQL Server for delivering web-content and man-
aging data resources. Pages are constructed using dynami-
cally-loaded controls that use configurable output caching.
ADO.NET data access is implemented in some configura-
tions using SQL stored procedures to increase performance
and reduce network traffic. An XML-based configuration
caches system-wide settings to reduce disk accession fre-
quency during startup and operation.

[0092] Some configurations support both MICROSOFT®
WINDOWS® authentication using a domain/active direc-
tory and Forms-based authentication using a stored user-
name/password. A role-based security infrastructure is used
to maintain access control. Protected Health Information
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(PHI) is encrypted using dynamically generated ciphers
(e.g., 128-bit minimum ciphers) that are unique to each user.

[0093] In some configurations, private and shared data
management modes are provided to give authorized health-
care providers flexible access to patient information without
compromising security. In private mode, each user can only
access his or her own personal patient record set, whereas in
shared mode, all authorized users can access a common
patient record set. Some configurations also provide optional
support for user aliasing. User aliasing allows individual
physicians to create additional sets (for example, up to 10)
of login credentials that map to their own account. This
aliasing provides a convenient method for giving clinical
support staff access to patient information while maintaining
the ability to audit record access under a pre-existing role.

[0094] Also, some configurations provide XML web ser-
vices that facilitate integration with existing IT infrastruc-
tures. These services allow healthcare organizations to rap-
idly link a patient database or databases created in certain
example configurations with existing clinical information
systems. For example, the link is provided over the Internet
using industry standard protocols such as SOAP. Predictive
tools are published in some configurations as a web service
for automated model execution or as a service to third
parties.

[0095] Some example configurations utilize a multi-tier
application architecture wherein the presentation, applica-
tion and/or data layers are separate but interoperable, allow-
ing for a high degree of scalability, maintainability, and
customization to meet the needs of an outcomes research
group or healthcare organization.

[0096] The presentation layer in some configurations com-
prises web forms that utilize dynamically populated con-
trols. These web forms are used to handle display and
management of data for a user. Logic for model design and
management, as well as data collection and model execution
in some configurations, are handled by the application tier or
layer. The application layer also provides business logic that
is used for managing the portal site and associated web
services, including, in some configurations, user and role
management. Model definitions, patient information, portal
content, and/or user information are stored in a server (for
example, an SQL server database) that is access via stored
procedures. These stored procedures are called from within
a MICROSOFT® .NET assembly in some configurations.
Stored procedures provide a clean separation between the
SQL database store and the middle-tier data access layer,
thereby resulting not only in easier maintenance but also
performance benefits since the procedures can be optimized
the first time they are run and then retained in memory for
subsequent calls.

[0097] In some configurations, role-based security and
auditing procedures are built into the application and data
layers. These security and auditing procedures are used to
ensure that authenticated users can access only data for
which they the users are authorized. Configuration settings
in some configurations are stored in an XML file, including
high level portal, tab, and module definitions. Additional
performance gains are achieved in some configurations
through caching of the portal settings, wherein settings are
reloaded only if the configuration file has changed.

[0098] A general regression model framework is used for
expressing predictions, encompassing various types of prog-
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nostic models including linear, logistic, ordinal, multino-
mial, and survival models. Models are serialized in some
example configurations.

[0099] An outcomes researcher identifies parameters that
go into a prediction formula. New parameters can be created
de novo or selected from an existing parameter library. The
use of parameter libraries permits standardization of param-
eter definitions across all models. Researchers can also set
up shared libraries to facilitate collaboration with other
groups on model implementations and data collection.
[0100] Once parameters have been defined, one or more
data transformations are assigned to each. Examples of
transformations include identity, polynomial, and “dummy-
variable” transformations. Custom transformation types can
also be defined in some configurations, to provide a broad
range of complex formulae.

[0101] Main effects and interaction terms derived from the
input parameters and their transformations are defined. In
addition, regression coefficients are provided. These regres-
sion coeflicients are used for calculating point estimates for
an outcome of interest. Some configurations allow covari-
ance estimates to be entered, as well. These covariance
estimates are used for computing dynamically generatable
confidence intervals.

[0102] Intuitive graphical user interfaces are provided in
some configurations that guide model developers through
formula construction and/or directly import formula defini-
tions from an XML or other suitably formatted file using a
predefined schema.

[0103] Once models have been constructed and published
to the web via the portal, a built-in form rendering engine
provided in some example configurations can be used to
collect data elements required to run models. Some configu-
rations also store collected data is in an internal database or
piped to a data mapping service that readies the data for
subsequent funneling into the specified model algorithm for
execution. Results are then returned to the requesting client.
[0104] Scalability is provided in some configurations via a
multi-tier application architecture. For example, server
administrators can farm the front end of the portal across a
number of servers while maintaining the ability to pull
information from a single unique data store. Some configu-
rations support all three modes of session state management
currently implemented in .NET, allowing administrators to
create dedicated state management servers for further pet-
formance gains under selected usage conditions or to sup-
port server farm configurations.

[0105] A modular architecture is used in some example
configurations to provide extensibility. For example, some
configurations are written entirely in C# and Transact-SQL,
wherein business logic for performing a specific task or
closely related tasks is encapsulated within a single code
module. For example, a PortalModuleControl base class is
provided for use by developers. Developers writing new
modules can have these modules inherit this base class,
which provides hooks that are used for the portal module to
interact with the fundamental framework. Once created,
administrators can readily integrate and manage new mod-
ules from within the administrative pages.

[0106] A code-behind-coding model is used in some con-
figurations to maintain compatibility with MICROSOFT®’s
Visual Studio NET™ developer environment.

[0107] Some example configurations utilize both authen-
tication and authorization to provide security. Authentication
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is a process by which the application verifies a user’s
identity and credentials. Authorization actually verifies the
authenticated user’s permissions for a requested resource.
[0108] A portal component is provided in some configu-
rations that supports both Forms-based and Windows®
authentication. When operated in the Forms-based authen-
tication mode, certain example configurations store user-
names and passwords within a database. When using the
Windows® authentication, certain example configurations
use a domain/active directory with NTLM challenge/re-
sponse protocol to authenticate users.

[0109] Role-based security is used to provide authoriza-
tion for the portal in some configuration of the present
invention. Role based security determines whether or not a
user has access to a particular resource. Users are grouped
into various roles (for example, administrators, power users,
users, etc.) and the role mappings are stored in the database.
Resource access control is determined at the level of each
portal tab and module. Redundant role checking is per-
formed at the time of module initialization to prevent
unauthorized access to administrative functionality. The
patient database also employs redundant identity checking at
the data access level to ensure that only authorized users can
query or modify patient information. Some configurations
provide an added measure of security by encrypting Pro-
tected Health Information (PHI) in the database using (for
example) a system of dynamically generated 128-bit (mini-
mum) ciphers that are unique to each user. All patient
records belonging to a user are encrypted in some configu-
rations using a unique set of ciphers so that other users or
intruders cannot access the information.

[0110] Various example configurations translate complex
risk stratification models and outcomes predictions to the
interface of patient care. As such, medical decision-making
and the quality of delivered care can be improved. Potential
applications include decision support and shared decision
making. Evidence-based tools can be built that deliver
decision support at the point of care for diagnostic workups
and treatment selection. For example, immediate probability
estimates for specific diseases can be provided in order to
select optimal diagnostic strategies for individual patients.
Also, risks and outcomes can be estimated for patients
considering one of several treatment options.

[0111] Visual representations of projected outcomes can
be shared with patients to help them appreciate conse-
quences of treatments, so that patients can select treatment
options. Patients can thus be involved in selecting therapies
most aligned with their individual goals and preferences.
[0112] Resource utilization can be improved using risk-
stratification models deployed by various example configu-
rations. Clinicians, nurses, and/or administrators can use the
models to triage patients between different levels of care
within a hospital or outpatient setting, while social workers
and discharge teams can use the models to assess the need
for additional social services at the time of discharge.
[0113] Customizable support templates are provided by
some example configurations. These support templates can
be used to generate “informed consent” documents that
represent the anticipated risks and benefits of treatment, and
individualize them to a specific patient.

[0114] Some example configurations create personalized
informational brochures that can be used to educate patients
about their disease condition and future prognosis. Out-
comes associated with different lifestyle choices (e.g., exer-
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cise, smoking, etc.) can also be presented to help patients
make more informed choices about their compliance with
lifestyle or medication recommendations.

[0115] Web services provided in some example configu-
rations can be used to pass entire databases spanning whole
patient populations through models projecting future disease
prevalences, treatment costs, resource requirements, or any
other outcome of interest.

[0116] Some example configurations thus can improve the
quality of medical decision making, reduce resource expen-
ditures related to incorrect or unnecessary tests or treat-
ments, and empower patients to make informed decisions.
Example configurations can also be useful for organizations
monitoring national or global health threats. These organi-
zations can use example configurations as a database for
population studies, wherein demographic data may be
accessed to monitor or predict the spread of disease.
[0117] Traditional use of medical information has been
limited to clinical evaluation or similar studies indicating a
present status in the progression of a disease, in quantifying
the burden of disease, and disease-related impact on health
related quality of life. Experts may use these data in making
clinical assessments; however, the prognostic significance of
amedical information score is traditionally unknown. Use of
this information in prognostic fashion, according to the
description below, facilitates systematic results that describe
and evaluate a patient’s medical information from new
perspectives. Accordingly, physicians and patients can make
better-informed decisions as to medical intervention, and the
risks of intervention can now be quantitatively balanced
against what the patient might expect if intervention does
not occur.

[0118] The following discussion of processing medical
information illustrates a particular embodiment in the field
of cardiac health status information by way of example, not
by limitation. The principles described below may be gen-
erally followed to produce analogous results in any field of
health care for any disease or conditions.

[0119] FIG. 1C is a block diagram illustrating a general
process 100 for practicing the aforementioned concepts. The
process 100 may be implemented through the use of pro-
gram instructions on a single computer, in a distributed
processing environment, or with human intervention at
respective illustrated steps. Step 102 entails the creation or
identification of a survey designed to procure medical infor-
mation, such as health status information, and possibly other
information that may sometimes overlap with medical infor-
mation, such as demographic information and clinical infor-
mation. As a particular example of medical information,
health status information means information that focuses
upon a disease or medical condition as measured by symp-
tomatology, physical effects (e.g., limited range of motion or
lifting capability), or mental effects of the disease (e.g.,
depression or anxiety). The health status information may
also monitor the effects of treatment. In these contexts,
demographic data means descriptive information that could
be used to characterize or classify a person in a statistically
meaningful way, for example, age, smoking habits, income,
geographic location, marital status, race, gender, military
service, or drinking habits. Clinical information may include
medical history information about the person or diagnostic
test results from that person.

[0120] Particularly useful clinical information includes the
identification of adverse outcomes, which are defined as a
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medical event that people normally wish to avoid. Adverse
outcomes may include, for example, hospitalizations, death,
onset of mental depression, and surgery. The clinical data
may also include positive outcomes, such as five year cancer
survival, cancer remission, or the effectiveness of a class of
therapeutic modality in treating a disease.

[0121] A variety of health status questionnaires are avail-
able and generally known to medical practitioners. Many of
these questionnaires have been validated by direct or indi-
rect means to show that patient responses to the question-
naires bear some relationship in describing a present disease
state or medical condition. Pre-existing questionnaires may
be selected for use as the survey in step 102. This manner of
selection accelerates the time required for completion of step
102. Alternatively, it is not necessary to use health status
questionnaires, and any medical information may be applied
for these purposes, e.g., laboratory test results, such as blood
work, biopsy. endocrine tests; genetic tests, such as microar-
ray testing for a variety of diseases or conditions; health
screening tests; cancer tests; and physical examination find-
ings.

[0122] A survey may be created in step 102 using research
that identifies conditions, results, symptoms and/or descrip-
tions of a medical disease or condition. This research is
preferably completed by a medical expert as to the disease
or medical condition. The questions may be prepared to
present survey respondents with a variety of selectable
options that are each assigned a score on a relative scale that
indicates a relative severity of the disease or medical con-
dition. The overall survey may be scored on the basis of
accumulated scores from some or all answers to the ques-
tions. The questions may be scored on the basis of the
overall score or subsets of questions addressing domains or
categories of disease symptomatology, for example,
domains of physical limitation, severity of symptomatology,
frequency of symptomatology, quality of life, and satisfac-
tion with treatment. The creation of surveys for purposes of
using them according to the various instrumentalities and
embodiments of the invention does not fundamentally differ
from traditional techniques of producing these surveys or
questionnaires.

[0123] In step 104, the survey that is created or identified
in step 102 may be administered to a test study group of
persons who provide responses 106. Administration may
occur by using written or electronic instrumentalities. Addi-
tional data including clinical or demographic data may
optionally be obtained from additional responses 106 or
from electronic data storage 108, such as the database of a
health insurance company, medical informatics company,
medical hospital, or governmental agency.

[0124] The data-gathering step 104 may proceed over a
period of time, such that the survey responses 106 may
continually update throughout this period, with the initial
response forming a baseline. The survey responses are
scored by a suitable scoring system, and the data is subjected
to statistical processing in steps 110 and 112. Univariate
statistics may be calculated in step 110 to identify potentially
significant predictors of future health states. The statistical
results may, for example, relate health status information
from the responses 106 to adverse outcomes and/or positive
outcomes in the clinical data. The medical information may
be used to stratify the outcomes into ranges. Still further, the
statistical information may be related to outcomes over a
period of time. Demographic data and clinical data may be
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used to correct outcomes for factors that are not directly
related to the medical condition that is the focus of the
medical information survey, such as by correcting overall
mortality in a cardiac study for mortality arising from
diabetes.

[0125] In step 114, the results of statistical calculations
from steps 110 and 112 may be subjected to expert review,
for example, review by medical and statistical experts in the
field. The lessons gleaned from this review may be repre-
sented by program logic and stored in a rules base 116.
Statistical correlations or algorithms may also be created for
use in prognostic modeling. A particularly useful technique,
for example, is the Kaplan-Meier method of relating a
parameter to an adverse outcome over time. A plurality of
Kaplan-Meier curves may, for example, represent stratified
groupings of medical information. The statistical results
may, for example, be related to health status information,
demographic data, and/or clinical data through use of arti-
ficial intelligence or self-training algorithms, such as neural
networks or adaptive filters. The result of step 116 may
produce an inverted statistical model or rules that may be
used to assess probabilities of outcomes on the basis of
medical information.

[0126] In step 118, a person (such as a patient or other
individual) may be administered a questionnaire that is
identical, or at least statistically identical, to the survey that
was created or identified in step 102. Additional surveys may
be administered or other data sources may be used to obtain,
as completely as possible from the person, an identical set of
data in comparison to the data that was gathered from
individuals in the test study group in step 104. Step 120 may
include submitting the personal input data from step 118 for
processing through the inverted model derived from step
114. The result of the evaluation modeling step 120 may be
to assess the probabilities of outcomes on the basis of the
person’s medical information.

[0127] The results from step 120 may be categorized in
step 122, e.g., by the use of delimiting values or rules-based
score groupings, to select persons who are at a relatively
greater or lower risk of having a particular outcome. In step
124, a recommendation may be generated, for example, that
the person seek out a physician for treatment, or that the
person may wish to consider one medical procedure over
another.

[0128] The Seattle Angina Questionnaire (SAQ) is a well-
known and widely-accepted health status questionnaire pro-
viding a disease-specific health status measure for patients
with coronary artery disease; however, the questionnaire has
not heretofore been shown to be a valid predictive tool.
There will now be demonstrated, by way of example and not
of limitation, a methodology according to the process 100
for relating health status measures to adverse outcomes,
such as mortality, hospitalization and poor quality of life.

Example 1

Survey Data Collection

[0129] Example 1 demonstrates data collection techniques
for gathering data that were used as steps 102 and 104 of
FIG. 1C. In some cases, an expert devised questions to
obtain data possibly having some relevancy in assessing
prognostic outcomes. In other cases, a well-accepted study
may be selected for this purpose.
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[0130] A literature search identified the SAQ as a leading
survey pertaining to health status of acute coronary syn-
dromes (ACS) or coronary artery disease (CAD). A total of
5,558 Veteran’s Administration patients reporting coronary
artery disease were administered the SAQ. Patient responses
to the SAQ were evaluated by conventional SAQ assessment
techniques to provide scores assessing physical limitation
characteristics according to traditional risk variables includ-
ing physical limitation, angina stability, angina frequency,
CAD-specific treatment satisfaction and quality of life. The
patients were also asked to provide demographic informa-
tion and medical history data. Selection of the SAQ for this
example was made because the questionnaire is generally
accepted to be a valid indicator of the status it was designed
to measure, namely, patients’ disease-specific physical limi-
tations, angina stability, angina frequency, treatment satis-
faction and quality of life. SAQ selection was also made
because the SAQ is generally accepted as a valid clinical
tool by the medical profession. The SAQ is a self-adminis-
tered, disease specific measure for patients with coronary
artery disease. The questionnaire is valid, reproducible, and
sensitive to clinical change.

[0131] SAQ responses were obtained from a test study
group of cardiac patients. The SAQ was scored to quantify
the patients in a plurality of domains. The domains included
physical limitations due to angina, the frequency and recent
change in patient symptoms, patient satisfaction with treat-
ment, and the degree to which patients perceive that disease
has impacted their quality of life. The scores were trans-
formed to assess the scores on a distribution across a range
of 0 to 100, according to conventional SAQ methodology
where higher scores indicate better status function, e.g., less
physical limitation, less angina and better quality of life. The
normalized scores from the test study group were divided
into quartile ranges of increasing severity for ease of inter-
pretation. The SAQ domains of this particular study
included physical limitation, angina, and better quality of
life.

[0132] Demographic or clinical data not directly linked to
health status information was shown to have statistical
significance in using health status data to assess outcomes
including morbidity and ACS hospital admission. Data was
collected from the survey respondents who were asked to
provide information including:

[0133] gender;
[0134] race;
[0135] medical comorbidities arising from or related to

previous hospitalization, cancer, chronic heartburn, depres-
sion, drug abuse, kidney problems, liver disease (yellow
jaundice or hepatitis), post traumatic stress disorder, seizures
or convulsions, peptic ulcer disease, and thyroid disease;

[0136] cardiac risk factors including diabetes, hyperten-
sion, and smoking history; and

[0137] cardiovascular disease severity factors indicated by
stroke, congestive heart failure (CHF), previous hospitaliza-
tion for ACS, prior coronary revascularization procedure,
and prior myocardial infarction (MI).

[0138] Additional demographic data was obtained using
standard questionnaires that were also scored, such as the
SF-36, as described in McHomey et al., The MOS-36 Item
Short-form Health Survey (SF-36): II Psychometric and
clinical test of validity in measuring physical and mental
health constructs, Med. Care. 1193; 31:247-63.
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[0139] Outcomes were tracked for each patient during a
two-year course of study. The primary outcome was one-
year mortality. Mortality was tracked using information
provided by the Veteran’s Administration. A second out-
come tracked during the two-year course of the study was
hospital admission for ACS.

Example 2

Statistical Processing of Life Survey Data
Collection

[0140] The data collected in Example 1 was subjected to
statistical processing, e.g., as generally shown in steps 110
and 112 of FIG. 1C to create a model relating the respective
adverse outcomes to scores on the SAQ. All analyses were
performed using commercially available statistical computer
programs, namely, SAS™ Version 6.12 (a trademark of SAS
Institute, Inc. of Cary, N.C.) and S-Plus 2000™ for Win-
dows (a trademark of Statistical Sciences, Inc., of Seattle,
Wash.). Statistical curves for all cause mortality wete cal-
culated using Kaplan-Meier analysis. The data were strati-
fied by quartiles of the initial or baseline SAQ scores.
Log-rank tests were used to compare data from the respec-
tive groups to establish that patients with lower scores
initially died sooner and more frequently than patients
reporting higher scores. Predictive models were developed
for one year mortality and ACS hospitalization, by logistic
regression.

[0141] Three models were constructed for each of the
adverse outcomes including mortality and hospitalization.
The first model included only SAQ domain scores. The
second model included only demographic data and clinical
variables. In each case, the models were developed by
incorporating predictors with significant univariate associa-
tions with outcome (probability value less than or equal to
0.1) and using backward elimination until all remaining
factors were significant at the 0.1 level. Age was entered as
a continuous predictor, and the remaining independent vari-
ables were categorical. A final model was developed by
combining significant variables from the first two models to
estimate the incremental prognostic value of the SAQ score
above demographic and clinical characteristics alone. For all
modes reported in Table 1, probability values and estimated
odds ratios are presented.

[0142] Model calibration was assessed by comparing pre-
dicted and observed outcomes by deciles of predicted risk.
Goodness of fit was determined by the Hosmer-Lameshow
test. Discriminatory power was evaluated by use of c-sta-
tistics and compared by Mann-Whitney tests, as described in
Delong et al., Comparing the areas under two or more
correlated receiver operating characteristic curves: a non-
parametric approach. Biometrics, 1988; 44; 837-845. Model
calibration and shrinkage were validated on 200 bootstrap
resamples of the original data set, as described in Harrell et
al., Multivariable prognostic models: issues in developing
models, evaluating assumptions and adequacy, and measur-
ing and reducing errors, Stat. Med. 1996; 15:361-387.
[0143] In fewer than 0.3% of the cases, baseline and
clinical variables were missing from the input data. The
missing baseline and clinical data was imputed to the mean
or by random sampling of data. Nineteen percent of patients
had missing SAQ scores because of incomplete question-
naires. The one year mortality for these patients was higher
(7.5% versus 5.3) and the ACS hospital admission was lower
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(2.3% versus 3.6) than patients who filled out completed
questionnaires. Primary analyses were performed on those
with complete SAQ data. Supporting analyses were per-
formed to determine the impact of missing data were con-
ducted with multiple imputation techniques that conditioned
upon the available SAQ and SF-36 scores, according to
techniques described in Little et al., Statistical Analysis with
Missing Data, New York, N.Y., Wiley; 1987. S-plus sub-
routines developed by Frank Harrell available for this pur-
pose as Harrell, Hmisc S-Plus function library in lib.stat.
cmu.edu; 1999,

Example 3

Univariate Calculation Results

[0144] The results of statistical calculations in Example 2
were inverted to provide a model for prognostic use. Table
1 provides the baseline characteristics and univariate odds
ratios for one-year mortality and hospitalization. The mean
SF-36 PCS was 30.8+10.5, indicating that these patients
scored almost two standard deviations below the mean
United States population in terms of general physical health
status. Over the one year of observation, there were 238
deaths (5.3% of the test population) and 154 ACS hospital
admissions (3.6% of the test population).

[0145] Table 1 describes the relative odds of death at one
year by demographic characteristics, comorbidities, and
SAQ scores. The most powerful predictive parameters were
age, presence of congestive heart failure, and health status.
In Table 1, the “Odds Ratio™ for “One-Year Mortality™ is
calculated as the actual mortality divided by the “Minimal”
mortality. The low p-values show that the reported modes
are statistically valid predictors because the p-values are less
than an arbitrary delimiting value, in this case less than 0.05.
Thus, the “Odds Ratio” for the “Minimal” quartile is under-
stood to be 1.0. A person in the “Severe” quartile is 6.2 times
more likely to die than a person in the “Minimal” quartile.
Table 1 provides a model for prognostic use because Table
1 may be used to relate a person’s health status, demo-
graphic, or clinical information, with an outcome likelihood
in the domain of mortality or ACS hospitalization. This is
done, for example, by assessing the person’s SAQ score as
to physical limitation and entering Table 1 to determine the
likelihood. This modeling capability may, for example, be
performed through program instructions that apply an expert
set of rules in reporting from a database.

[0146] FIG. 2 shows the Kaplan-Meir survival curves over
time for the SAQ physical limitation domain, which was
broken out into quartiles representing severe (0-24), mod-
erate (25-49), mild (50-74), and minimal (75 to 100) physi-
cal limitation. Separation of the curves, especially for those
having the worst function, begins immediately and contin-
ues over the two-year period of observation. The mortality
rates shown in FIG. 2 are the actual mortality rates, as
opposed to the odds ratio shown in Table 1. Linear regres-
sion, such as a least squares technique, may be used to
calculate an algorithm for each of the stratified domains to
obtain a prognostic model on the basis of SAQ score.
[0147] As shown in Table 1, SAQ scores were divided into
domains including physical limitation, angina stability,
angina frequency, and quality of life.

[0148] Specifically, the SAQ was scored in a different
manner for each domain to assess these parameters. The
domains were divided into SAQ ranges. Table 1 also
describes the odds of hospital admission for ACS. The
strongest predictor of admission was a previous ACS-related
hospitalization. The next most powerful predictors were
SAQ angina frequency, physical limitation, and quality of
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life domains. For example, those reporting severe angina
were 3.1 times more likely to be admitted to the hospital for
ACS than those reporting minimal angina.

TABLE 1

BASELINE CHARACTERISTICS AND UNIVARIATE ODDS RATIOS

One-Year Mortality One-Year ACS Admission

Odds Ratio Odds Ratio
n = 4,484 95% CI) p=value (95% CI) p-value
Age (years)* 67 = 10 1.6 <0.001 1.0 0.895
(14,1.9) (0.8,1.2)
Male 4405 (98.3%) 1.4 0.58 N/A 0.11
(0.5, 5.6)
Caucasian 3697 (85.6%) 1.1 0.71 1.0 0.97
(0.7, 1.6) (0.7, 1.6)
Prior hospitalization 720 (16.1%) 1.7 0.001 4.6 <0.001
(any) (12,2.3) (3.3, 6.4)
Prior hospitalization 148 (3.3%) 1.6 0.12 10.3 <0.001
for ACS (0.8, 2.8) (6.6,15.7)
Cancer 612 (13.7%) 1.9 <0,001 0.9 0.77
(14, 2.6) (0.6, 1.5)
GERD 1059 (23.6%) 0.8 0.20 1.1 0.53
(0.6, 1.1) (0.8, 1.6)
Congestive Heart 887 (19.8%) 24 <0.001 1.5 0.02
Failure (CHF) (18,3.2) (1.1,2.2)
Depression 1280 (28.6%) 1.0 0.76 1.1 0.69
(0.8, 1.4) (0.8,1.5)
Diabetes 1283 (28.6%) 14 0.01 1.4 0.05
(1.1, 1.9) (1.0,1.9)
Drug abuse 91 (2.0%) 0.8 0.70 0.3 0.21
(0.2, 2.0) (0.0, 1.4)
MI 2355 (52.5%) 14 0.02 1.6 0.004
(1.1, 1.8) (12,2.3)
Hypertension 2853 (63.6%) 0.8 0.11 1.0 0.95
(0.6, 1.1) 0.7,14)
Smoking status
Never 686 (15.6%) — 0.12 — 0.24
Past 2721 (62.0%) 1.3 1.3
(0.8, 1.9) (0.8,2.3)
Current 980 (22.3%) 1.6 1.6
(1.0, 2.5) (0.9,2.9)
Chrenic renal 694 (15.5%) 1.6 0.005 1.1 0.55
insufficiency (1.1,2.1) 0.7, 1.7)
Liver disease 320 (7.1%) 1.3 0.30 0.6 0.22
(0.8, 2.0) 03,1.2)
Post-traumatic 516 (11.5%) 1.1 0.74 1.3 0.27
stress disorder 0.7, 1.6) (0.8, 2.0)
Seizures/convulsions 187 (4.2%) 1.0 0.98 0.4 0.16
(0.5, 1.8) (01,1.2)
Peptic ulcer disease 984 (21.9%) 1.2 0.28 1.1 0.64
(0.9, 1.6) (0.7,1.6)
Stroke 742 (16.6%) 1.6 0.002 1.4 0.07
(1.2,2.2) (1.0, 2.1)
Thyroid disease 196 (4.4%) 1.6 0.07 0.6 0.31
(0.9, 2.7) (0.2,14)
Prior PTCA or CABG 2138 (47.7%) 1.2 0.16 1.9 <0001
(0.9, 1.6) (14,2.6)
SAQ Physical Limitation
Minimal 856 (19.1%) — <0.001 — <0001
Mild 1239 (27.6%) 1.6 1.6
(0.9, 2.8) (0.9, 3.0)
Moderate 1728 (38.5%) 2.5 2.7
(1.5, 4.2) (1.6, 5.0)
Severe 661 (14.7%) 6.2 2.8

(3.7, 10.3) (15,5.3)
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BASELINE CHARACTERISTICS AND UNIVARIATE ODDS RATIOS

One-Year Mortality

One-Year ACS Admission

Odds Ratio Odds Ratio
n =4484 95% CI)  p = value (95% CI) p-value
SAQ Angina Stability
Much better 831 (18.5%) — <0.001 0.05
Slightly better 439 (9.8%) 13 .
0.8, 2.2) (0.8,3.5)
Unchanged 2339 (52.2%) 1.2 .
(0.8, 1.8) (12,34)
Slightly worse 576 (12.9%) 1.1 .
0.7, 1.9) (14, 4.8)
Much worse 299 (6.7%) 2.9 .
(1.8, 4.8) (11,49
SAQ Angina Frequency
Minimal 2437 (54.4%) — <0.001 <0.001
Mild 1268 (28.3%) 1.0 .
0.7, 1.4) (11,2.3)
Moderate 539 (12.0%) 1.8 .
(1.3, 2.6) (1.6, 4.0)
Severe 240 (5.4%) 2.6 .
(1.6, 4.0) (17,5.3)
SAQ Quality of Life
Excellent 1791 (39.9%) — 0.002 <0.001
Good 1461 (32.6%) 1.3 .
0.9, 1.7) (14,3.3)
Fair 916 (20.4%) 1.5 .
(1.1, 2.2) (2.0,4.9)
Poor 316 (7.1%) 24 .
(1.5,3.7) (11,4.1)

*Qdds ratios per +10 years

[0149] The information from Table 1 may be depicted
graphically and used in a three dimensional model. For
example, the Kaplan-Meier curves shown in FIG. 2 may be
linked to SAQ scores through a common mortality. Accord-
ingly, the model is able to project that a person with an initial
SAQ baseline in one of the stratified rankings may cross the
boundary into another stratification having a higher mortal-
ity at a future point in time. For example, FIG. 3 is a bar
graph providing point-in-time graphical representation of
actual mortality rates for SAQ quartile ranges of the physical
limitation domain. FIG. 4 is a bar graph providing a graphi-
cal representation of actual mortality results for the angina
frequency domain, which was divided into SAQ ranges
including Much Worse (0-24), Slightly Worse (25-49),
Unchanged (50), Slightly Better (51-75), and Much Better
(76-100). FIG. 5 is a bar graph providing a graphical
representation of results for the angina stability domain.
FIG. 6 is a bar graph providing a graphical representation of
quartile results for the quality of life domain.

[0150] In this particular study group, the strongest health
status predictor was SAQ physical limitation. Angina fre-
quency and quality of life domains all had a significant trend
toward lower mortality with higher patient function, fewer
symptoms, and better quality of life. The angina stability
SAQ scores measure changes in patients’ angina. Those
patients reporting increased angina over the past month had
a one year mortality rate of 11.4% compared with 4.9% for
the rest of the study population. An expert-defined rules base

may concentrate upon making prognostic assessments of
outcome likelihood on the basis of the strongest predictors,
or on the basis of a combination of the strongest predictors.
For example, a combination of predictors may be used to
enhance overall results through use of a multivariate prog-
nostic model that is produced using the strongest predictors,
as shown in Example 4.

Example 4

Multivariable Prognostic Models

[0151] As shown above, physical limitation and angina
frequency were the best SAQ-based predictors for both one
year mortality and ACS hospital admission. These predictors
were studied in combination with demographic and clinical
data, as shown in Tables 2 and 3. The effect of the multi-
variable analysis was, for example, to correct the univariate
results shown in Table 1 for demographic and clinical factors
that are unrelated to ACS, and vice versa. For example, the
odds ratio for the “Severe” range of the “Physical Limita-
tion” domain is shown as being 6.0 in the univariate
approach and 4.0 when corrected for the contribution of
other factors, such as cancer, age, previous hospitalization,
and CHF. In addition to adjusting the magnitude of the
scores in a minor way, these multivariable results confirmed
that SAQ scores in the physical limitation and angina
frequency domains are valid independent predictors of
future mortality and ACS hospitalization.
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TABLE 2

14

PROGNOSTIC MODELS FOR ONE-YEAR MORTALITY

Model 1 (SAQ)

Model 2 (Clinical)

Model 3 (Combined)

Odds Ratio
(95% CI)  p-value

Odds Ratio
(95% CI)  p-value

QOdds Ratio
(95% CI)  p-value

Physical Limitation

Minimal — <0.001 — <0.001
Mild 1.7 1.5
(1.0, 3.0) 09,27
Moderate 2.6 2.0
(1.6, 4.4) (1.2,3.3)
Severe 6.0 4.0
(3.6, 10.6) (24,7.2)
Angina Frequency
Minimal — 0.068 — 0.078
Mild 0.8 08
0.5, 1.1) (0.6, 1.2)
Moderate 1.1 1.2
0.8, 1.6) (0.8, 1.8)
Severe 14 1.6
0.9,2.2) 0.9, 2.5)
Age (per +10 years) 1.6 <0.001 1.6 <0.001
(14, 1.9) (1.3, 1.8)
CHF 23 <0.001 1.9 <0.001
(1.3,3.0) (14, 2.35)
Cancer 1.5 0.015 1.5 0.031
1.1, 2.1 (1.0, 2.0
Prior hospitalization 1.5 0.024 1.4 0.065
1.1, 2.0) (1.0, 1.9)
Diabetes 1.3 0.059 1.3 0.129
(1.0, 1.7) 0.9, 1.7)
Stroke 1.3 0.092 1.2 0.396
(1.0, 1.8) (0.8, 1.6)
c-statistic
Original 0.66 0.69 0.72
dataset
Validated 0.66 0.67 0.70
Hosmer-Lemeshow
p-value 0.57 0.16 0.26
TABLE 3

PROGNOSTIC MODELS FOR ONE-YEAR ACS ADMISSION

Model 1 (SAQ)

Model 2 (Clinical)

Model 3 (Combined)

Odds Ratio Odds Ratio Odds Ratio

(95% CI)  p-value  (95% CI) p-value (95% CI)  p-value
Physical Limitation
Minimal — 0.030 — 0.102
Mild 1.4 1.5

0.7, 2.6) (0.8,2.9)
Moderate 2.1 2.0

(1.2,3.8) (1.1, 3.8)
Severe 1.9 1.8

(1.0,3.7) 0.9, 3.6)
Angina Frequency
Minimal — 0.003 — 0.016
Mild 1.4 1.4

0.9,2.0) 0.9, 2.0)
Moderate 2.1 2.0

(1.3,33) (1.2,3.2)
Severe 2.4 2.2

(1.3,4.3) (1.2,4.2)
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PROGNOSTIC MODELS FOR ONE-YEAR ACS ADMISSION

Model 1 (SAQ) Model 2 (Clinical)

Model 3 (Combined)

Odds Ratio Odds Ratio Odds Ratio
95% CI)  p-value  (95% CI) p-value (95% CI)  p-value
Prior hosp (ACS) 117 <0.001 10.6 <0.001
(74,18.1) (6.7, 16.7)
Prior hosp (other) 2.8 <0.001 2.7 <0.001
(19, 4.2) (1.8, 4.0)
Prior PTCA/CABG 16 0.005 1.6 0.004
(12,23) (12,2.3)
c-statistic
Original 0.63 0.69 0.73
dataset
Validated 0.62 0.66 0.70
Hosmer-Lemeshow
p-value 0.32 0.87 0.80
Example 5 for his CAD, or only a few treatments may be workable.
Other options may be affected by his age in combination
Personal Input and Evaluation Modeling with his cancer. These categorizations may be assisted by
[0152] The models shown in Tables 1-3 are used as demographic or clinical data obtained for his personal input.

inverted models in the sense that they were created in a
forward manner from the analysis of vast amounts of
statistical data, but they may be used in a reverse manner by:

[0153] accepting personal input data;
[0154] calculating a SAQ score; and
[0155] entering the tables to determine whether the person

has a relatively greater risk of encountering an adverse
outcome according to any particular modality.

[0156] Inahypothetical example, John Doe is hospitalized
for a treatment of moderate blockages of his coronary
arteries (atherosclerosis). As a routine matter to pass time
while undergoing treatment, a doctor administers the SAQ.
John dutifully provides a response, which is scanned and
scored electronically in accord with the personal input step
118 of FIG. 1C. The score places John in a severe range for
physical limitation and a severe range for angina frequency.
Accordingly, in the evaluation step 120 an electronic system
accesses the model shown in Table 2 to show that John has
a 4x greater chance of dying in the next year than does
someone with minimal physical limitation, and a 1.6x
greater chance of dying than does someone with minimal
angina frequency, resulting in a combined mortality risk that
is 6.4-fold greater than someone with minimal physical
limitations on angina. Alternatively, the system can also
consult FIG. 3 to ascertain that his overall one year mortality
rate, as someone with severe physical limitation and angina,
is about 12%.

Example 6

Categorization and Recommendation

[0157] In Example 5, John may be categorized as a man,
as a man who has mild atherosclerosis, as a man who has
severe physical limitation, and as a person with severe
angina. As a person with cancer, John may stand a greater
chance of dying from cancer than from CAD over the next
year. Due to his particular cancer and the treatment
employed, it may not be practicable to implement treatment

[0158] On the basis of categorization data and input from
the expert-defined rules base 116, a medical recommenda-
tion in step 124 may be rendered according to the catego-
rization. Significantly, some example configurations provide
evidence of predicted outcomes that can assist in the selec-
tion of therapies aligned with the goals and values of the
individual patient under the guidance of their physician
rather than providing so-called “right” or “wrong” decisions
that an expert rules-based decision system might provide.

Example 7

Disease Management Program

[0159] FIG. 7 demonstrates the application of the data
from FIGS. 2-6 into a disease management model. FIG. 7
provides an example of the general principle of leveraging
the health status scores of populations of patients to identify
high risk individuals. SAQ angina frequency scores (ab-
scissa) are plotted against SAQ physical limitation scores
(ordinate) for the same person to form a distribution. Those
patients in the lower left quadrant have frequent angina
(SAQ angina frequency scores <50) and marked physical
limitation (SAQ Physical Limitation <50). Statistical calcu-
lations show that those patients in the upper left quadrant
have a 20.4% chance of dying over the next 2 years. Those
in the lower left quadrant have a 12.4% chance of dying
while those in both quadrants on the right side of the graph
have a 4.5% risk.

[0160] A healthcare system managing a population of
patients may use such a categorization technique, i.e., plot-
ting different personal score domains from the same health
status survey against one another, stratifying the data on the
basis of spatial location (e.g., the lower left quadrant), and
calculating the odds of an outcome on the basis of this
stratification. In FIG. 7, the technique has produced an
astonishing predictor indicating a 20.4% chance of death.
This information would certainly be of value to a person
who stands, for example, a 1% chance of dying while
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undergoing an elective cardiac procedure. Prospectively, a
person showing a SAQ score in the lower left quadrant
would benefit most from a cardiac consultation. A health
care provider or a health maintenance organization might
choose to use these statistics to manage a healthcare plan
with scarce resources in such a way that persons who will
benefit the most from services with limited availability
receive the services on a preferential basis.

[0161] Similarly, FIG. 8 shows a similar model for
patients with congestive heart failure using cross-plotted
domains from the Kansas City Cardiomyopathy Question-
naire. An overall summary score (abscissa) is plotted against
the self-efficacy score (ordinate). Differing rates of hospital
admission and death are statistically correlated to spatial
domains, as in FIG. 8. Admission rates differ from 64% for
persons who plot on the lower right hand area to 31% and
13% for persons in the respective left hand side and upper
right areas.

[0162] FIG. 9 is a model formed as a plot of SAQ angina
frequency versus SAQ quality of life scores. The shaded
region 900 identifies patients who have angina occurring
approximately once-a-week or greater and who are moder-
ately to extremely limited in their quality of life because of
the angina. On the basis of subjectively defined rules that
can be tailored to a particular healthcare environment using
the expert-defined rules base 116, these patients may warrant
careful evaluation for opportunities to improve their symp-
tom control.

[0163] By way of example, FIG. 10 shows a medical
evaluation system 1000 that is configured for predicting or
describing patient health outcome in a person with sub-
marginal cardiac function. Medical evaluation system 1000
may include processor 1002, graphical user interface 1004,
and a data storage unit 1006. The graphical user interface
1004 may be configured for presenting questionnaires to the
person. Graphical user interface 1004 may receive the
responses from the person for subsequent processing by
processor 1002 and storage in the data storage unit 1006,
e.g., in a logically defined personal database storage com-
ponent 1008. Graphical user interface 1004, by way of
example, could be administered over the internet, locally
through a touch screen, via computer keyboard, by voice
recognition technology, or through a mouse-driven intet-
face. An appropriate device containing interface 1004 may,
for example, be a personal computer, personal data assistant
(PDA), cellular telephone, or other electronic device.
[0164] In medical system 1000, processor 1002 is com-
municatively connected to interface 1004 for scoring the
responses and evaluating the responses. Evaluation may be
performed using the expert-defined rules base 116 and
information from a group study model 1010 that is produced
using the methodologies shown and described in Examples
1-7. Processor 1002 reports the evaluation results to a
system user through interface 1004, or by another means
such as a printer or electronic messaging. By way of
example, the group data 1010 may be compiled from a
single hospital or insurance carrier population or may be
representative of a national or global population. In one
embodiment, group data 1010 may be downloaded from the
internet.

[0165] A feature of the test study group model 1010 is that
it may contain information from a statistically validated
survey, i.e., one having statistical correlation indicators
indicating that measured predictive parameters are closely
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related to a measured outcome. For example, validation may
be proven through the use of delimiting metrics, such as p
values less than a delimiting value of 0.05 (see, e.g., Tables
1-3). The group study model 1010 may be accessed to
provide a prognostic ranking or other measure of health
outcomes. For example, processor 1002 could use models
represented by any of FIGS. 2-9 or Tables 1-3 to identify
SAQ scores in domains where the scores indicate sub-
marginal cardiac function. New responses in the personal
data 1008 may be scored and input for comparison against
the group study model 1010 and the expert-defined rules
base 116 to assess the respondent’s odds of encountering an
outcome.

[0166] A user of medical system 1000 may be able to
generate reports from the system by interactively adjusting
pre-defined delimiters or parameters. For example, the test
study group data 1010 might be accessed to calculate a
Kaplan-Meier curve like FIG. 1C, except stratification might
include an additional 30% SAQ range and new responses
could be evaluated and filtered on the basis of this new
range. Alternatively, the shaded region 900 in FIG. 9 might
be manipulated as a graphical user interface through the use
of drag and drop functions to produce a new spatial range
that triggers calculation and reporting of outcome statistics
that are attributed to that spatial range.

[0167] Processor 1002 may also rank medical information
scores, such as health status scores, to predict patient health
outcome of an individual patient. For example, where the
patient has sub-marginal cardiac function, the questionnaire
may be the SAQ, the Kansas City Cardiomyopathy Ques-
tionnaire (KCCQ), or any other questionnaire that includes
a disease-specific health status measure.

[0168] The test study group data 1010 may also include,
for example, a reporting network of other administrative
data, such as the date of last visit with a cardiovascular
specialist or a list of specific cardiovascular medications that
the patient may or may not be taking. A patient’s current
treatment may be automatically reported to the personal
database 1008 by other databases (not shown) that are linked
to storage unit 1006. For example, a pharmaceutical data-
base describing what therapies have been prescribed may
allow relationships between categories of scores so that
opportunities for further treatment and treatment efficacy
may be linked to medical information. Other diagnostic
databases, such as those for angiography or echocardiogra-
phy, can be used to suggest certain treatments. For example,
outcomes from these diagnostic databases may be linked
with health status information to suggest an increase in
dosage for a certain pharmaceutical agent; the use of a
device, such as a stent; or a procedure including angiography
or bypass surgery. Further statistical linkage of medical
information data to actual health outcomes associated with
the recommended treatments may provide statistical opti-
mization that improves health outcomes for a group of
patients that is studied.

[0169] FIG. 11 shows a flow chart illustrating operation
1100 of system 1000, in accord with one method. Operation
1000 commences with mode selection 1102, which may
entail user selection of a medical mode for a particular
disease or medical condition from among a plurality of such
diseases or conditions, e.g., ACS, diabetes, or cancer. Step
1104 entails processor 1102 retrieving a model group that
may comprise a selected medical information questionnaire,
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program instruction for implementing the rules base 116,
and the group model 1010 for the selected medical mode.
[0170] The graphical user interface 1004 receives
responses from a person in an interview step 1106, which
may also entail retrieval of information, such as demo-
graphic and clinical information, from other databases (not
shown). Processor 1002 may receive transmitted personal
responses from graphical user interface 1004, store the
responses in the personal database 1008, and process the
responses. Processing may include scoring 1110 to obtain
scores, followed by evaluation modeling 120, categorization
122, and recommendation 124, as described above in the
context of FIG. 1C.

[0171] The foregoing discussion emphasizes methodology
for using patient self-assessment data to monitor cardiac
health, with overtones on how this data might be used in
treatment programs, e.g., by changing medication in
response to a changing self-assessment score. In additional
contexts, the self assessment data, perhaps additionally
including patient satisfaction surveys, may be statistically
processed to relate demographics and/or and patient satis-
faction with having undergone a particular procedure or
treatment. By way of example, FIG. 12A is a graph of angina
frequency post-CABG (diamond is economically burdened
patient; square is not economically burdened patient).
Patients characterized as economically burdened had about
the same frequency of angina post CABG as did the patient
population characterized as economically burdened. FIG.
12B is a graph of angina frequency in patients post-PCI
(Percutaneous Coronary Intervention) revascularization.
Patients characterized as not economically burdened dem-
onstrate a higher frequency of angina after PO revascular-
ization procedure. These results show that clinical patient
outcomes may vary by the type of procedure and demo-
graphic background of the patient.

[0172] FIG. 13 is a graph demonstrating the frequency of
angina and statistical likelihood of complications in a post-
coronary attack patient having had bypass surgery, as com-
pared to patients having had angioplasty. The complications
monitored in these patients were death (0.9%), stroke
(1.5%), readmit (2%) and PTCA (less than 1%). FIG. 2 also
shows a graph demonstrating the frequency of angina in a
post-coronary event patient that had an angioplasty. The
same complications were monitored in these patients, with
a reported frequency of 0.1% death, 0.02% stroke, 30%
readmission to the hospital, and 20% Re PTCA.

[0173] FIG. 14 shows computer system 1400 configured
for use in a medical or clinical health care facility to identify
an appropriate post-cardiac event regimen according to a
desired patient outcome. An individual patient considering
options for pre or post-coronary event treatment, in accord
with one embodiment, may review statistical information as
show in FIGS. 12 and 13. The patient may complete a survey
that provides computer system 1400 with the patient’s
demographic data, lifestyle, and goals. Computer system
1400 processes this information, categorizes the patient, and
provides a comparison of outcomes from similarly situated
persons who have previously undergone procedures of the
types being contemplated. The report is useful in assisting
the patient and medical workers in selecting a clinical
procedure that is best for the patient according to the desired
outcome, adjusted for demographics.

[0174] Computer system 1400 may include processor
1402, computer memory 1404, and storage unit 1406. In
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computer system 1400, processor 1402 is communicatively
connected to computer memory 1404 and to storage umt
1406 for operating in accord with a mode of selecting a
clinical procedure with assistance of statistics pertaining to
other outcomes that may be used as a predictive tool. In one
embodiment, computer system 1400 is configured for iden-
tifying an individual patient’s disease state and demograph-
ics of the individual patient comprising age, sex, economic
burden, living situation, social support, employment status,
type of employment, education level, disease severity,
symptoms and clinical setting.

[0175] Computer system 1400 may, for example, assess a
set of medical information parameters (which may include
or consist of “clinical data,” as that term is used in the art)
from the individual patient to provide a first data assessment
profile and identify the projected health outcome desired by
the individual patient based upon said individual patient’s
preferences and goals. Computer system 1400 may also
assess a set of medical information parameters from a
population of patients having similar demographics to said
individual patient, the population of patients having received
different treatments, in providing a library of specific pro-
jected health outcomes for each different treatment.

[0176] Upon assessing the medical information param-
eters from the population of patients, computer system 1400
may select preferred outcomes from the library of specific
projected health outcomes that similarly coincide with pref-
erences and goals of the individual patient, present the
preferred outcomes to the patient, and select a clinical
treatment that has a projected health outcome that is most
similar to the individual patient’s desired projected health
outcome for the patient based on the preferred outcomes. In
one embodiment, software 1403 is configured for opera-
tively controlling computer system 1400 and may initially
reside in storage unit 1406. Upon initializing computer
system 1400, software 1403 may be loaded in computer
memory 1404, Processor 1402 may then run software 1403.

[0177] FIG. 15 shows medical system 1500 configured for
identifying an appropriate post-cardiac event regimen for an
individual patient considering options for post-coronary
event treatment, in accord with one embodiment of the
invention. Medical system 1500 may include processor
1504, storage unit 1506, and interface 1508. In medical
system 1500, storage unit 1506 is configured for storing
group data in a database 1509. The group data may comprise
responses to a questionnaire having a plurality of questions
regarding quality of life and demographic information. The
response may be derived from a plurality of patients having
survived a coronary event. A first group of the patients have
received a post-coronary event revascularization procedure.
A second group of the patients had not received a post-
coronary event revascularization procedure. Demographics
of the first and second groups of patients may be similar to
those of the individual patient. In medical system 1500,
interface 1508 is configured for receiving responses to
questions from an individual patient. In medical system
1500, processor 1504 is communicatively connected to
interface 1508 and to storage unit 1506 for performing
statistical analysis on the responses from the plurality of
patients and from the individual patient. A comparison of the
statistical analysis of the responses from the group of
patients and from the individual patient may provide a basis
upon which the individual patient may select a post-cardiac
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event treatment appropriate to the individual patient prefer-
ences and goals of the individual patient.

[0178] While the example is given of the selection of a
mode of coronary revascularization, other example configu-
rations may assist, for example, in the cessation of smoking,
the institution of an exercise program or compliance with a
particular medication regimen. Thus, example configura-
tions may provide a powerful way of motivating patients to
adopt a healthy lifestyle by demonstrating important benefits
of lifestyle decisions.

[0179] With further regard to FIGS. 13 and 15, those
skilled in the art should appreciate that storage unit 1506 and
storage unit 1406 may illustratively represent the same
storage memory and/or one or a combination of storage unit
1406 and computer memory 1404 within computer system
1400. Processor 1402 may incorporate functionality includ-
ing processor 1504, for example.

[0180] FIG. 16 shows a flow chart illustrating operation
1600 of medical system 1500 (shown in FIG. 15), in accord
with one methodology. Operation 1600 commences in step
1602. Processor 1504 identifies an individual patient’s dis-
ease state and demographics of the individual patient com-
prising age, sex, economic burden, living situation, social
support, employment status, type of employment, education
level, disease severity, symptoms and clinical setting, in step
1604. Processor 1504 assesses a set of clinical data (as that
term is used in the art) of the individual patient, in step 1606.
Processor 1504 identifies the projected health outcome
desired by the individual patient based upon said individual
patient’s preferences and goals, in step 1608. Processor 1504
assesses a set of clinical data from a population of patients
having similar demographics to the individual patient to
provide a library of specific projected health outcomes for
each different treatment, in step 1610. Processor 1504
selects preferred outcomes from the library of specific
projected health outcomes that similarly coincide with pref-
erences and goals of the individual patient, in step 1612. In
step 1614, interface 1508 presents the preferred outcomes to
the patient, wherein the outcomes are presented, for
example, as a function of available treatment options. Pro-
cessor 1504 selects a clinical treatment having a projected
health outcome that is most similar to the individual
patient’s desired projected health outcome for the patient
based on the preferred outcomes, in step 1616. Operation
1600 ends in step 1618.

[0181] Instructions that perform the operation discussed in
FIG. 16 may be stored in storage media or computer
memory. The instructions may be retrieved and executed by
processor 1504. Some examples of instructions include
software, program code, and firmware. Some examples of
storage media include memory devices, tapes, disks, inte-
grated circuits, and servers. The instructions are operational
when executed by processor 1504 to direct processor 1504
to operate in accord with the invention. Those skilled in the
art are familiar with instructions and storage media.
[0182] FIG. 17 shows a flow chart illustrating operation
1700 of medical system 1500 (shown in FIG. 15), in accord
with one methodology. Operation 1700 commences in step
1702. Processor 1504 identifies the disease state and demo-
graphics of the individual patient, in step 1704. The demo-
graphics may include age, sex, economic burden, living
situation, social support, employment status, type of
employment, education level, disease severity, symptoms
and clinical setting. Processor 1504 assesses a set of clinical

Dec. 8, 2016

data from the patient to provide a first data assessment
profile, in step 1705. Processor 1504 assesses a set of clinical
data from a first population of patients to provide a first
reference data assessment profile, in step 1710. Processor
1504 assesses a set of clinical data from a second population
of patients to provide a second reference data assessment
profile, in step 1712. Processor 1504 assesses a set of clinical
data from a third population of patients to provide a third
reference data assessment profile, in step 1708. The first,
second, and third populations may have similar demograph-
ics as the individual patient and differing treatments such as
revascularization. Processor 1504 projects the patient’s sur-
vival and quality of life probability of the individual patient
from any number of clinical options. For example, first,
second, and third reference data assessment profiles grouped
by type of revascularization procedure may be statistically
profiled by a processing algorithm to respectively provide
first, second, and third projected post-procedural outcomes
for the patient prospectively based upon statistics from other
patients who have undergone the respective vascularization
procedures and/or treatments, in steps 1714, 1716, and 1718.
The revascularization procedures may include a coronary
artery bypass grafting (CABG) procedure and assessing a set
of medical information parameters from a second population
having had a Percutaneous Coronary Intervention (PCI)
procedure. The treatment may include, for example, an
anti-coronary disease medication, diet modification, herbal
remedy, or other non-surgical intervention procedure. Pro-
cessor 1504 compares the first projected post-procedural
outcome to the second projected post-procedural outcome,
in step 1720. Processor 1504 selects an appropriate revas-
cularization procedure for the individual patient in response
to the step of comparing the projected first to the second
projected post-procedural outcome, in step 1722. Operation
1700 ends in step 1724.

[0183] FIG. 18 shows a flow chart illustrating step 1705 of
operation 1700, in accord with one methodology. Step 1705
commences through entry point 1801, designating a specific
processing algorithm, for example, one operating off of
expert rules or a self training algorithm such as a neural
network that associates outcomes with clinical procedures.
Processor 1504 assesses the individual patient’s data, in step
1802. Step 1705 exits through exit point 1803.

[0184] FIG. 19 shows a flow chart illustrating step 1710 of
operation 1700, in accord with one methodology. Step 1710
commences through entry point 1901. Processor 1504 may
collect the first data assessment profile of the first group of
patients, in step 1902. Processor 1504 may select the CABG
revascularization procedure, in step 1905. Step 1710 exits
through exit point 1903.

[0185] FIG. 20 shows a flow chart illustrating step 1712 of
operation 1700, in accord with one methodology. Step 1712
commences through entry point 2001. Processor 1504 may
collect the second data assessment profile of the second
group of patients, in step 2002. Processor 1504 may select
the PCI revascularization procedure, in step 2004. Step 1712
exits through exit point 2003.

[0186] FIG. 21 shows a flow chart illustrating step 1720 of
operation 1700, in accord with one methodology. Step 1720
commences through entry point 2101. Processor 1504 may
perform a statistical analysis on the individual patient qual-
ity of life profile, in step 2102. Then from the subset of the
group data statistical analysis may indicate to the individual
patient an appropriate post-cardiac clinical regimen. Proces-
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sor 1504 may compute a statistical average that indicates the
appropriate post-cardiac clinical regimen based on the sta-
tistical analysis, in step 2104. Processor 1504 may compute
a statistical deviation about the average, in step 2106. Step
1720 exits through exit point 2103.

[0187] FIG. 22 illustrates an intranet system 2200 includ-
ing a server 2202 that may be configured with program
instructions and data to implement the foregoing instrumen-
talities, such as the process 100 of FIG. 1C, the medical
system 1000 of FIG. 10, operation 1100 of FIG. 11, opera-
tion 1600 of FIG. 16, and/or operation 1700 of FIG. 17.
Intranet system 2202 may, for example, be a proprietary
local area network or a wide area network. Server 2202 is
connected with a plurality of users 2204 who are able to
access the server 2202 for statistical processing of informa-
tion. Connections 2206, 2208, and 2210 may be any type of
data connection including wireless connection, coaxial con-
nection, optical connection, Internet connection, or other
type of connection across any geographic area. The intranet
2200 may be implemented in a local hospital or in a plurality
of local hospitals across a city, a state, a nation, or countries
throughout the world. The users 2204 are each provided with
suitable electronic equipment for establishing these connec-
tions, such as a personal computer or PDA. This equipment
is preferably adapted for compatibility with other extant
systems, such as billing systems, patient information sys-
tems, emergency response systems, and barcoding identifi-
cation and tracking systems for patients and materials.
[0188] The server 2202 may, for example, store group data
1010 and/or may provide back-up storage for individual
medical evaluation systems 1400, as discussed above. Addi-
tionally, server 2202 may provide a local agent or translator
for a plurality of individual medical evaluation systems 1400
to exchange information.

[0189] Server 2202 provides centralized control under the
supervision of an administrator 2212. A research agency
2214 generates statistical models of any type that may relate
validated statistical models with human responses to status
questionnaires for any purpose. For example, the statistical
model may be used to provide a prognostic indication of a
health outcome or to assist a patient in selecting a therapeu-
tic modality, as described above. The program instructions
configuring server 2202 for use towards these ends are
capable of accepting new models for different purposes,
where these models are provided by the research agency
2214. In this manner, the research agency is able to provide
updates to existing models that have been revalidated and/or
expanded by comparing outcomes and demographics to
survey responses. Additionally, the research agency may
provide new models that may be selected by users 2204 to
meet a particular need in the intended environment of use.
One benefit of the administrator 2212 using the services of
research agency 2214 is that the server 2202 receives the
benefit of extremely specialized expertise in the creation,
validation, and maintenance of the statistical models and
questionnaires. For example, it is a usual business reality
that a single hospital deploying intranet 2200 would not
have internal access to this level of expertise. Services of the
research agency 2214 may, for example, be contracted for on
a subscription basis or an access basis.

[0190] FIG. 23 illustrates an Internet system 2300, which
is one embodiment of Intranet system 2200 shown in FIG.
22. Research agency 2214 provides the aforementioned
services to one proprietary intranet 2200, as describe in
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context of FIG. 22, and to a different proprietary intranet
2200 which is identical to intranet A, as well as any number
of other proprietary intranets (not shown). Access to
research agency 2214 is provided via the Internet 2302. A
single user 2304 may also access research agency 2214, for
example, from a geographically isolated medical clinic in a
rural area. Internet system 2300 enables a user community,
such as users associated with intranet 2200, 2200A, and user
2304 to access a bulletin agent 2306 in sharing information,
such as experiences, cautionary warnings, feedback, and
observations. Research agency 2214 may choose to respond
to this flow of information by updating and disseminating
program instructions and/or statistical models among the
user community, as the need arises. In some example con-
figurations, servers 2200A are operated by an intermediary
agency, and users 2204A and 2304 communicate with a
server 2200A via a local network, an intranet, or via the
Internet or other public or private, wired or wireless net-
work. In turn, server 2200A communicates with server 2202.

[0191] One benefit of Internet system 2300 is that the user
community may assist and facilitate research and/or statis-
tical validation efforts on behalf of the research agency
2214. For example, if a new statistical model is published in
a scientific paper, the research agency may be provided
access to a pool of demographic and health outcome infor-
mation stored in the respective intranets 2200 and 2200A.
This data may be used to improve the statistical model
and/or expand the model—such as by inverting the model to
create a prognostic tool.

[0192] An optional feature of Internet system 2300 is to
provide direct monitoring of a plurality of patients 2308.
Each patient may use a personal computer to periodically
access one of server 2202, 2202A, or research agency 2214
for processing of health questionnaire responses. Computet-
assisted processing of these responses according to a system
of expert rules, for example, as defined by a cardiologist or
made in reference to documented risk factors, may provide
areply to the patient indicating a recommendation. A patient
may be informed of an increased risk or change in status.

[0193] In some configurations, a method for supplying
information using, for example, an Internet or other net-
worked system 2300 includes operating, or contracting with
an agent to operate server 2202 to communicate via one or
more networks (in this example, the Internet 2302) with a
research agency 2214 and an intermediary agency (not
explicitly shown in the figures, but an agency operating
server 2200A, for example). In addition, the method further
includes contracting with research agency 2214 to supply to
server 2202, via at least one of the networks (e.g., 2302),
statistical models each using one or more parameters. The
models are configured, for example, to determine statistical
outcomes of at least one course of procedure, for example,
bypass surgery. Other examples of models are those config-
ured to determine outcomes of non-treatment, and those
configured to determine risks of developing a pathological
condition later in life. The method further includes contract-
ing with the intermediary agency for the intermediary
agency to receive, on request from the intermediary agency
(e.g., via its server or servers 2200A via at least one of the
networks, e.g., 2302), parameter lists with reduced redun-
dancy sufficient to apply the requested statistical models to
produce model results, and with default values of parameters
when such default values are available. By “reduced redun-
dancy,” it is meant herein that, where common parameters
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exist between a plurality of models, and/or where functions
of one or more parameters completely determine the values
other parameters (e.g., birthday and either age or “years
since 40th birthday”), only one request for the same param-
eter is made and/or parameters not required because they are
determinable from other parameters are not requested.
[0194] The intermediary agency is also contracted to
receive and reformat the parameters list and default values,
when available, for retransmission to end users (e.g., 2204 A,
2304) or their agents as queries, to transmit information
received in response to the queries to server 2202 for
processing the requested models, to receive statistical results
from the models (at server 2200A, for example), and to
reformat the results and transmit the reformatted results to
end users 2204A, 2304 or their agents.

[0195] In some example configurations, the operator of
server 2200A or the operator’s agent performs the functions
contracted to the research agency and/or intermediary agent,
thus eliminating the need for the research agency and/or
intermediary agent and their respective contracts. For
example, a system may be used to deploy the operator’s own
models either directly to physicians over the Internet or
other public or private, wired or wireless network, or pub-
lished as (for example) XML web services for consumption
of third party vendors.

[0196] In some example configurations, contracting with
the research agency further includes contracting with the
research agency to supply updated models to server 2200 at
mutually agreed-to intervals. The intervals need not be
periodic. For example, the intervals may be aperiodic or
defined by the occurrence of an event, such as the publica-
tion of a new model or the availability of a predetermined
number of statistical observations.

[0197] In some configurations, contracting with the inter-
mediary agency includes agreeing to provide structured lists
of parameters and default values (e.g., XML-formatted lists
or lists formatted in another structured form, e.g., comma,
space, tab, and/or line break delimited data or tables or data
and/or tables delimited in another specified manner), when
default values are available. The contract can also include
the intermediary agency agreeing to provide reformatted
results embedded in a format customized dependent upon
which of end users 2204 A, 2304 or their agents is to receive
the reformatted results. For example, end users 2204 A may
work at a different hospital or clinic than user 2304, and thus
receive a result which, when printed, includes a different
letterhead or contact information. In some configurations,
the customized format is an informed consent agreement
between a medical provider and a medical patient.

[0198] In some configurations, end users 2204 A, 2304 are
medical providers, patients, purchasers, payers, or combi-
nations thereof (The term “end users or their agents” is
intended to encompass these entities and combinations
thereof.) Also, the courses of procedures modeled include at
least one of medical procedures, medical treatments, medi-
cal procedures combined with medical treatments, and
refraining from both a medical treatment and a medical
procedure (i.e., doing nothing medical to treat a condition).
[0199] In some example configurations, contracting with
the research agency includes agreeing that the research
agency will provide access to a medical database of infor-
mation relating to specific patients to allow default values of
parameters to be obtained. Also, in some configurations,
contracting with the intermediary agency includes agreeing
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that the intermediary agency will transmit medical data
relating to specific patients back to server 2202 and allow the
medical data to be provided as default data when a subse-
quent request is received at the server regarding the specific
patient, and this configuration also includes transmitting the
default parameter data from server 2202 to the intermediary,
e.g., to the intermediary agent’s server 2200A.

[0200] Some example configurations include, before send-
ing, to the intermediary agency via at least one of the
networks (e.g., Internet 2302), parameter lists with reduced
redundancy sufficient to apply the requested statistical mod-
els to produce model results, analyzing the request from the
intermediary agency to determine common parameters
between the models invoked in the request and transmitting
a list of parameters (to be filled in by the users and/or with
default values that can be changed by users) sufficient to
process a plurality of the requested models without trans-
mitting any repeated parameter (i.e., a parameter used in
more than one requested model) more than once.

[0201] In some example configurations, the contract with
the intermediary agent provides that the intermediary supply
HTML or WML-formatted pages to end users 2204A, 2304
or their agents, including lists of the parameters and the
default values. Where at least some end users or their agents
select courses of action corresponding to requested models
and an outcome resulting from the course of action is
achieved (whether the outcome was desired and expected or
otherwise), some configurations also include contracting
with the intermediary agent for the intermediary agent to
receive information concerning the selected courses of
action and the resulting outcomes and for the intermediary
agent to transmit these results to the server (e.g., server
2202) for further analysis and model revision. The further
analysis and model revision may be performed in some
configurations after a transmission of the results from server
2202 to research agency 2214 and be performed by research
agency 2214. Thus, in some configurations, contracting with
the research agency further includes contracting for research
agency 2214 to receive information concerning the selected
courses of action and the resulting outcomes via server 2202,
for example, and for the research agency to analyze and
revise models using the received information concerning the
selected courses of action and the resulting outcomes, and to
transmit the revised models to server 2202.

[0202] Also in some configurations, a method for risk-
stratifying individual patients is provided that includes con-
tracting with a research agency 2214 for research agency
2214 to create statistical health models configured to provide
model results including patient risk assessments using health
query responses, health parameter data, or both. The method
also includes operating a server 2202 to store instructions to
receive requests to use the models, to distribute requests for
data used by the models, and to apply a redundancy reduc-
tion procedure to the requests for data when a plurality of
models are requested that pertain to a single patient, to
analyze data received in response to the requests, and to
transmit results from the analysis. The redundancy reduction
procedure is a program or sequence of instructions that
removes or reduces requests for duplicated parameters
between requested models and/or requests for functions of
parameters that can be calculated using only other requested
parameters. The method further includes contracting with an
intermediary agency for the intermediary agency to receive
model requests from users 2204A, 2304, to transmit the
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model requests to server 2202 to, upon such request, use the
stored instructions relating to the model, to disserminate
reduced redundancy requests for data relating to requested
models, and to transmit data received in response to the data
requests to server 2202. The intermediary is also contracted
to receive the transmitted results from the analysis, and to
format said results from the analysis for transmission to
users 2204A, 2304. In some configurations, this method
further includes contracting with research agency 2214 to
update the models and/or contracting with research agency
2214 10 expand the statistical model to accommodate addi-
tional health outcomes. Also, some configurations include
contracting with research agency 2214 to supply models for
a plurality of diseases.

[0203] In yet additional configurations, the present inven-
tion includes a statistical processing system that includes a
server 2202 operably configured with program instructions
implementing a plurality of statistical models to at least one
of (a) predict a health outcome based on questionnaire
responses, (b) assist a patient’s choice of therapeutic modal-
ity based on questionnaire responses, and (c) assess a health
risk or status based on questionnaire responses. The system
further includes a research agency 2214 communicating
with server 2202 and contracted to provide the statistical
models using a visual interface communicated by server
2202. Server 2202 is configured to analyze requests received
from users 2204 over the Internet 2302, an intranet, or
another network that relate to a plurality of the statistical
models and to reduce redundancy in requests for patient
data. Also, in some configurations, the statistical processing
system further includes server 2202 operatively configured
to present medical information questions to a user 2204 for
human response and for receiving human responses to the
medical information questions. Further, in some configura-
tions, the statistical processing system has program instruc-
tions that are configured to assign a percentage range
associated with likelihoods of encountering adverse out-
comes.

[0204] In some example configurations, contracts are not
issued to separate research agency and/or a separate inter-
mediary agency, and the operator of server 2202 or a related
party performs the functions of either or both of the separate
agencies. For example in some configurations, the operator
of server 2202 provides, in server 2202, statistical models
each using one or more parameters, the models configured
to determine statistical outcomes of at least one course of
procedure or of non-treatment, or risks of developing a
pathological condition later in life. The intermediary agency
is contracted as described above. In some other configura-
tions, the research agency is contracted as described above,
but the functions described above as being contracted to the
intermediary agency are performed by the operator of server
2202. These functions do not necessarily require communi-
cation with users via remote servers (such as 2202A) con-
nected to a network (i.e., the functions can be performed by
server 2202 in some configurations), but the operator can do
so if desired. For example, in some example configurations
the operator operates, or contacts with an agent to operate a
server to communicate via one or more networks with a
research agency and with either end users or their agents.
This method also includes contracting with the research
agency for the research agency to supply to the server, via
at least one of the networks, statistical models each using
one or more parameters, wherein the models are configured
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to determine statistical outcomes of at least one course of
procedure or of non-treatment, or risks of developing a
pathological condition later in life. The operator receives,
via at least one of the networks, requests for use of the
statistical models and constructs parameter lists with
reduced redundancy sufficient to apply the requested statis-
tical models to produce model results and with default
values of parameters when such default values are available.
These reduced redundancy parameter lists and default val-
ues, when available, are transmitted to end users or their
agents as queries. The operator receives information in
response to the queries for processing in the requested
models, and transmits statistical results of the models to the
end users or their agents.

[0205] It will be appreciated that patient outcomes follow-
ing clinical procedures selected with the assistance of sys-
tem 1700 may be monitored by the medical evaluation
system 1400, for example, using the Seattle Angina Ques-
tionnaire (SAQ) and the Kansas City Cardiomyopathy Ques-
tionnaire (KCCQ). The patient self assessment data from
these questionnaires may be used as feedback into system
1700 to facilitate better selections of clinical procedures,
e.g., to assess the statistical likelihood of accomplishing the
patient’s desired goals from the clinical procedure. By way
of example, one procedure versus another may have a
different level of mortality risk that might be incurred for
relatively small benefit. The patient would be able to assess
whether the benefit of the riskier procedure is worth taking
that risk. The patient might also be told, for example, what
percentage of patients in their position of selecting a par-
ticular clinical procedure, with analogous goals, were ulti-
mately satisfied with the selected procedure in terms of
accomplishing the intended goals, or what percentage in
hindsight would select a different procedure.

[0206] Other technical effects of example configurations
include the generation of visual displays and printed reports
useful for decision making in various fields. Thus, In some
example configurations and referring to FIG. 24, a computer
network 2400 is configured for providing decision support.
Decision support computer network 2400 may be used, for
example, in a medical or clinical health care environment to
identify an appropriate regimen for treatment of a medical
condition. However, uses for computer network 2400 are not
limited to the health field. To give but one of many
examples, decision support computer network 2400 is useful
in an advertising environment to determine strategies for
marketing products. More generally, computer network
2400 is useful in many varied contexts in which statistical
regression models can be used to predict outcomes.

[0207] In some configurations, computer network 2400
comprises a server computer 2402 that executes a server
module. The server module comprises software instructions
recorded on a machine-readable medium or media 2404. The
machine readable medium or media may comprise, for
example, one or more floppy diskettes, CD-ROMs, CD-
RWs, DVDs, DVD+Rs, DVD-Rs, DVD+RWs, DVD-RWs,
memory devices such as USB memory sticks or other types
of memory cards, internal readable and writable memory
2406 of any of various kinds, such as internal or external
RAM, etc., read-only memory (ROM) 2408 of any of
various kinds, hard disks, optical drives, and combinations
thereof. (As used herein, “media” includes not only “remov-
able” media, but also “non-removable” media such as pri-
mary and secondary storage. For example, RAM, ROM, and
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hard disk drives are included as “media,” as well as the
aforementioned types of media.) Server computer 2402 can
include devices (not specifically illustrated in FIG. 24) for
reading removable media, such as a CD-ROM drive, a DVD
drive, a floppy disk drive, etc. In many configurations, server
computer 2402 will comprise at least a readable and write-
able memory 2406, read-only memory 2408 or non-volatile
memory of a suitable type, and a processor 2410 (e.g., a
central processing unit or CPU) which may itself comprise
one or more microprocessors, coprocessors, etc. Thus, the
term “processor,” as used herein, is not literally restricted to
a single CPU. Moreover, server computer 2402 may itself
comprise a network of one or more computers, as can any
other device referred to as a “computer” herein.

[0208] Computer network 2400 further comprises one or
more first client computers 2412. In many configurations, it
is in communication with server computer 2402 via a
network 2413, for example, the Internet. In many example
configurations, Client computer 2412 comprises a first client
module comprising software instructions recorded on a
machine-readable medium or media 2414. In many configu-
rations, client computer 2412 further comprises at least a
readable and writable memory 2416, read-only memory
2418, and a processor 2420 that may itself comprise one or
more microprocessors, coprocessors, etc. First client com-
puter 2412 may itself comprise one or more computers in a
network. First client computer 2412 further comprises a first
user display device 2422, such as a CRT display, LCD
display, plasma display, and/or a hardcopy device such as a
printer. First client computer 2412 also comprises a first user
input device 2424, such as a keyboard, a mouse, a touch
screen (which may be part of display 2422), and/or a
trackball, etc.

[0209] Computer network 2400 further comprises one or
more second client computers 2426. In many configurations,
second client computer 2426 is in communication with
server computer 2402 via network 2413. Also in many
configurations, second client computer 2426 comprises a
second client module comprising software instructions
recorded on a machine-readable medium or media 2428. In
many configurations, second client computer 2426 further
comprises at least a readable and writable memory 2430,
read-only memory 2432, and a processor 2434 that may
itself comprise one or more microprocessors, COprocessors,
etc. Second client computer 2426 may itself comprise one or
more computers in a network. Second client computer 2426
further comprises a second user display device 2436, such as
a CRT display, LCD display, plasma display, and/or a
hardcopy device such as a printer. Second client computer
2426 also comprises a second user input device 2438, such
as a keyboard, a mouse, a touch screen (which may be part
of display 2436), and/or a trackball, etc.

[0210] As used herein, software instructions are said to
“Instruct a computer to display” information even if such
information is communicated via a network to another
computer for display on a remote display terminal. In this
sense code running on a web server instructs a processor
executing that code to “display” a web page, even though the
code actually instructs the processor to communicate data
via a network that allows a browser program to instruct
another computer to construct a display of the web page on
the display of the other computer. For example, the server
module described in the examples presented herein can
include a web server and the client modules can comprise
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web browsers. Also, in some configurations, client comput-
ers 2412 and 2426 comprise laptop, desktop, or mobile
computing devices or communication terminals. The
broader scope of the phrase “instruct a computer to display”
is used because server computer 2402 and the one or more
client computers 2412, 2426 need not necessarily be differ-
ent computers. For example, communication protocols
known in the art allow a server software module and a client
software module running on a multitasking computer system
to communicate with one another on the same computer
system, and the same server software module can also
communicate with a client software module running on a
different computer via a network connection. The examples
used herein assume, without loss of generality, that different
physical computers and a network are used, as such will be
the case in many, but not all, example configurations.
[0211] The terms “display” and “accept” as used in the
descriptions herein refer to a suitably programmed comput-
ing apparatus “displaying” or “accepting” data, not to a
person “displaying” or “accepting” something. A person
might, however, view the displayed data on an output device
or on a page produced by an output device or supply the
accepted data using an input device.

[0212] In some example configurations, a method is pro-
vided to provide decision support via software that com-
prises the server module. Some example configurations
provide server modules that utilize the ASP.NET platform
available from MICROSOFT CORPORATION as well as
MS Internet Information Services (IIS) and MS SQL Server
from MICROSOFT CORPORATION for web services and
data storage, respectively. A multi-tier system architecture
provided in some configurations enables scaling of server
module components as needed to meet specific demands of
a particular deployment. In addition, a modular design
framework is provided in some configurations to facilitate
extensibility and incorporation of new functionality via
custom modules. In some configurations, the server module
is written in C# using the code-behind convention; except
for its SQL data access components which are stored pro-
cedures written in Transact-SQL.

[0213] More particularly, and referring to FIGS. 25 and
26, a server module 2450 is provided on a machine readable
medium or media. In some example configurations, server
module 2450 instructs processor 2410 to perform a method
illustrated by flow chart 2500 of F1G. 26. Although the flow
charts provided herein are illustrative of configurations of
methods used herein, it will be understood that the order of
steps shown can be varied from the order illustrated in other
example configurations, that steps illustrated as being sepa-
rate can be combined (e.g., various displays and requests for
data can be combined into a single output screen), and that
not all steps illustrated are necessarily required in all con-
figurations.

[0214] A technical effect is achieved first by a user logging
in with appropriate credentials. Server module 2450
instructs processor 2410 to display, at 2502, a visual selec-
tion of parametric regression model forms (on user display
device 2422, for example). (An example of such a display is
shown in FIG. 27.) A general regression model framework
is used for expressing predictions. The model types can
include, for example, linear, generalized linear, cumulative
multinomial, generalized multinomial and proportional haz-
ard models, thereby providing coverage for major medical
prognostic model types. For example, the selection may
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include a linear regression model of the form f(x)=f,x,+
Pox,+Psxs+ . . . +f,x, as well as intrinsically non-linear
forms and forms that are linear in transformed variables,
e,g., x,=In(y), where y is an input variable. Some configu-
rations provide the ability to implement custom model types
using a built-in scripting interface. The visual display of
model type is associated with a drop-down list in some
configurations, for example, and the visual display of model
type changes depending upon the item selected from the
drop-down list.

[0215] Model types are defined in terms of a coefficient
vector and an optional covariance matrix for calculating
confidence intervals. For example, the coefficient vector and
covariance matrix are defined as follows:

[0216] In the definitions above, b,=(b,; b,, . . . b)) is the
vector of coefficients associated with the i predictor in x,
with one coeflicient for each state s (except the reference
state). Also, v, =Cov(b,,b,) denotes the covariance
between the (i” predictor, k™ state) and (j* predictor, 1
state) coeflicients.

[0217] The user at client computer 2412 enters a selection
of a model type (for example, a selection of one of the
following model types: linear, generalized linear, cumulative
multinomial, generalized multinomial or proportional haz-
ard model) from a visual menu. (“Visual” displays and
menus include one or more elements such as graphical
illustrations, drop-down lists, selection buttons, checklists,
etc.) Server computer 2402 is programmed with instructions
by the server module to accept this selection at step 2504.
Next, at step 2506, instructions in the server module instruct
processor 2410 to display a request or requests for an
outcome type and one or more regression model parameter
names (e.g., in a medical or surgical environment, “blood
pressure,” “diabetes,” “gjection fraction,” and/or other sta-
tistically significant parameters) and corresponding param-
eter types (for example, and not necessarily in correspon-
dence to the example parameter names, “binary,”
“enumerated,” “positive integer,” “decimal,” etc.) and, in
appropriate cases, limits and/or lists of possible input values.
An example of an outcome type screen is shown in FIG. §
and an example of a parameter name screen is shown in FIG.
29. At step 2507, some example configurations also display
a visual selection of at least some of the parameter names
along with a visual selection of mathematical transforms for
each displayed name. The user selects a transform, which
can include, for example, logarithms, exponentials, squares,
square roots, and other transformations, so that these func-
tions of the values later used for each corresponding variable
name are used in the regression equation instead of the
variables themselves.

[0218] At step 2508, these names, types, limits and/or
transforms are accepted by processor 2410. At step 2510
(which may be combined with step 2508), values of the
coeflicients for the selected regression model type and
outcome are obtained. In some configurations, these values
are obtained by requesting that they be input by a user at first
client computer 2412. In other configurations, they are
obtained by instructions to processor 2410 to run a regres-
sion analysis on data obtained from a database 2440, which
may be a local database stored in computer 2404 or a
database accessible via a network such as network 2413. The
outcome, associated coeflicients and accepted names, types,
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and limits for variables are stored in a memory (e.g,
memory 2406 or a secondary storage unit) of server com-
puter 2406 at step 2512.

[0219] In some configurations, the procedure represented
by flow chart 2500 can be repeated when necessary to add
further outcome models representing different combinations
of variables for different procedures, such as medical or
surgical procedures. Some configurations further allow the
editing and/or deletion of stored models.

[0220] Referring next to flow chart 3000 of FIG. 30, server
module 2450 also contains instructions configured to
instruct processor 2410 to allow a user (usually different
from the user at first client computer 2412) at second client
computer 2426 is logged into the server module. The user at
second client computer 2426 is able to select one or more of
the stored models, input data corresponding to the stored
models, run a regression analysis and be presented with
results of the regression analysis or analyses. More particu-
larly, at step 3002, processor 2410 is instructed to display a
visual selection of previously stored regression models on
second user display device 2436 by communicating data via
network 2413 with a program (e.g., a web browser) running
on second client computer 2426. An example of a display
that provides a visual selection of previously stored models
is shown in FIG. 31. A user at second client computer 2426
uses second user input device 2438 to indicate a selection of
one or more of the displayed regression models, which is
communicated to processor 2410 via network 2413, and
processor 2410 is instructed to accept this selection at step
3004. At step 3006, the server module determines common
regression module parameter names between the one or
more selected, stored regression models so that redundant
requests for parameters can be eliminated or reduced. By a
“reduced redundancy” of parameters, it is meant herein that
common parameters between models and/or parameters that
are functions derivable from other parameters, do not result
in an unnecessary plurality of requests for similar data.

[0221] Thus, at step 3008, the server module displays a
request or requests for parameters that correspond to the
regression model parameter names in the set of all such
names stored for all the selected regression models at step
3004. An example of such a displayed request is shown in
FIG. 32. The server module accepts the collected parameter
data at 3010 (which may also include an identification of a
person or object to which the parameters apply) and runs the
selected regression models. At step 3012, results of the
selected regression models are displayed. An example of
such a display is shown in FIG. 33. The displayed results can
also include a visual representation of a statistical range. In
some configurations, at step 3014, processor 2410 is
instructed to use customizable letterhead data, previously
stored in a memory or database accessible to processor 2410
and optionally including return addresses, logos, etc. to print
the results or to cause the results to be printed. The server
module can include instructions to print different letterheads
depending upon credentials (e.g., login information) pro-
vided by the current user. Also, in some configurations,
instructions to processor 2410 at step 3016 cause processor
2410 to store parameters accepted at step 3010 and an
indication of the person or object to which the parameters
apply in a memory or database (such as memory 2404)
accessible to processor 2410. Instructions in the server
module are provided to instruct processor 2410 to provide
default values for the stored parameters when outcome
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results of the same or different type are requested for that
person or object at a different time.

[0222] More particularly, at runtime, collected model
parameters (i.e., user inputs) are serialized into a Predictor
Vector:

(1) Intercept

X=(x1 X% .. x,):{ ,

4 Nolntercept

[0223] where 7 is the transformed response vector, each of
whose elements correspond to a single data item (e.g.,
systolic blood pressure).

[0224] The Linear Predictor is then calculated as
N=Mm; - - - )= (e0b)r(er00) . . . ¥(ec0b))
[0225] in which each e, is an extraction vector derived

from the appropriate Extraction Matrix:

[0226] where each row e, identifies the relevant sub-
vector of b and the sub-matrix of V needed to predict the i”
independent parameter of the predictand. The exact form of
E is dependent on the model type (see Table 4).

TABLE 4

Extraction Matrices

Model Type Intercept No Intercept

Linear
Generalized
Linear
Cumulative Tos Lol (es—tpe-1y  Ls-yer
Multinomial

Lixer +1) Ligr
1 Ix(r+1) 1 Lxr

Generalized

Multinomial T+l fimes

Proportional N/A 1
Hazards

[0227] In the table above, I denotes the identity matrix
(i.e., a matrix with all diagonal entries=1 and all off-diagonal
entries=0), and 1 denotes a matrix of all 1s.

[0228] The Prediction Vector containing the outcome
point-estimate(s) is then given by

p=gtm)
[0229] where g™* is the appropriate inverse link function

(see Table 5). The Linear Predictor Variance Vector is given
by

02=(x (e, 0 V)x (60 V)x . . . ¥ (e V)x)

[0230]
as:

from which confidence intervals can be calculated

(o) =g M=, (1-02)V §2+07)
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[0231] where F,~! is the inverse t-distribution function

with v degrees of freedom at confidence level o and ¢? is the
mean square error (¢ defined only for linear models).

TABLE 5

Inverse Link Functions

Identity

Log

Logit 1+e™!

Probit m) *

Power nm iFAS0
Fle ita=o

i

=1-¢e“n

TETETE
[ T TR
o= oS

Complementary
log-log
Cumulative
logit T
Cumulative
probit ¥
Comulative
complementary
log-log T

=1 +e™yti=1,.. s
a=®dmy) *i=1,...,s

m=1-e¢° 1i=1,...

Generalized

-1
5
logit e”1[1+2 e”l] i=1,...,s

Proportional
hazards

¥ For multt state models, M= =

* @ is the standard normal distribution function

[0232] In various example configurations, model building
is greatly facilitated by a visual editing environment that
provides dynamic on-screen instructions and rendering of
prediction formulae as well as robust validation services.
Parameters are identified that are used in a prediction
formula. New parameters can be created de novo or selected
from an existing parameter library (thereby allowing for
standardization of parameter definitions across all models).
[0233] Once parameters have been defined, one or more
data transformations can be assigned to each. A broad array
of built-in transformation types are available to the user, and
custom transformation types can be readily defined via
scripting, allowing example configurations to handle a wide
range of complex formulae.

[0234] Main effects and interaction terms derived from the
input parameters and their transformations can be derived in
some example configurations, and regression coefficients for
calculating point estimates for outcome of interest and
optional covariance estimates can be provided for comput-
ing confidence intervals.

[0235] Once models have been built and deployed, health
care providers (or, in other environments, other individuals)
can readily access them through an integrated and customi-
zable portal interface using a variety of web-enabled
devices. Dynamically generated data entry screens are pro-
vided based on the parameters required by the selected
model(s). For example, in medical environments, data for
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patients can either be entered de novo or retrieved from a
patient information system, which can be readily integrated
with existing clinical information systems via XML web
services support.

[0236] Some example configurations render model out-
puts in a variety of graphical and non-graphical formats,
including solid bar plots, gradient bar plots, whisker line
plots, pie charts, and/or digital LED-style displays, which
can be user-selectable. Output from multiple models can be
grouped onto a single plot to facilitate inter-model compari-
sons (for example, stroke risk with angioplasty versus
bypass surgery). In addition, some configurations allow a
user to customize the output plot style, the selection of
models to include in a final output and the display of
confidence intervals (when model covariance data has been
provided). In various configurations, users can print out-
come plots using customizable report templates in order to
generate documents such as patient educational materials
and informed consent sheets. Also in some configurations,
outcomes researchers can customize report and page content
using a built-in MICROSOFT® WORD®-like interface or
by editing HTML code. A feature rich set of portal content
modules, including workgroup directories, discussion
threads, and document repositories can be provided in server
module configurations to allow outcomes research groups to
easily create, manage, and build their own collaborative web
sites.

[0237] It will thus be appreciated that example configu-
rations can be used to handle various aspects of data
collection, validation, storage/retrieval, and processing,
thereby freeing outcomes researchers from intricacies of
programming and networking so that they may focus their
efforts upon implementation of their research models
towards the betterment of patient care.

[0238] The methods and processes described herein may
have fewer or additional steps or states and the steps or states
may be performed in a different order. Not all steps or states
need to be reached. The methods and processes described
herein may be embodied in, and fully or partially automated
via, software code modules executed by one or more general
purpose computers. The code modules may be stored in any
type of computer-readable medium or other computer stor-
age device. Some or all of the methods may alternatively be
embodied in whole or in part in specialized computer
hardware. The systems described herein may optionally
include displays, user input devices (e.g., touchscreen, key-
board, mouse, voice recognition, etc.), network interfaces,
etc.

[0239] The results of the disclosed methods may be stored
in any type of computer data repository, such as relational
databases and flat file systems that use volatile and/or
non-volatile memory (e.g., magnetic disk storage, optical
storage, EEPROM and/or solid state RAM).

[0240] The various illustrative logical blocks, modules,
routines, and algorithm steps described in connection with
the embodiments disclosed herein can be implemented as
electronic hardware, computer software, or combinations of
both. To clearly illustrate this interchangeability of hardware
and software, various illustrative components, blocks, mod-
ules, and steps have been described above generally in terms
of their functionality. Whether such functionality is imple-
mented as hardware or software depends upon the particular
application and design constraints imposed on the overall
system. The described functionality can be implemented in
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varying ways for each particular application, but such imple-
mentation decisions should not be interpreted as causing a
departure from the scope of the disclosure.

[0241] Moreover, the various illustrative logical blocks
and modules described in connection with the embodiments
disclosed herein can be implemented or performed by a
machine, such as a general purpose processor device, a
digital signal processor (DSP), an application specific inte-
grated circuit (ASIC), a field programmable gate array
(FPGA) or other programmable logic device, discrete gate or
transistor logic, discrete hardware components, or any com-
bination thereof designed to perform the functions described
herein. A general purpose processor device can be a micro-
processor, but in the alternative, the processor device can be
a controller, microcontroller, or state machine, combinations
of the same, or the like. A processor device can include
electrical circuitry configured to process computer-execut-
able instructions. In another embodiment, a processor device
includes an FPGA or other programmable device that per-
forms logic operations without processing computer-execut-
able instructions. A processor device can also be imple-
mented as a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality of
microprocessors, one or more Microprocessors in conjunc-
tion with a DSP core, or any other such configuration.
Although described herein primarily with respect to digital
technology, a processor device may also include primarily
analog components. A computing environment can include
any type of computer system, including, but not limited to,
a computer system based on a microprocessor, a mainframe
computer, a digital signal processor, a portable computing
device, a device controller, or a computational engine within
an appliance, to name a few.

[0242] The elements of a method, process, routine, or
algorithm described in connection with the embodiments
disclosed herein can be embodied directly in hardware, in a
software module executed by a processor device, or in a
combination of the two. A software module can reside in
RAM memory, flash memory, ROM memory, EPROM
memory, EEPROM memory, registers, hard disk, a remov-
able disk, a CD-ROM, or any other form of a non-transitory
computer-readable storage medium. An exemplary storage
medium can be coupled to the processor device such that the
processor device can read information from, and write
information to, the storage medium. In the alternative, the
storage medium can be integral to the processor device. The
processor device and the storage medium can reside in an
ASIC. The ASIC can reside in a user terminal. In the
alternative, the processor device and the storage medium can
reside as discrete components in a user terminal.

[0243] Conditional language used herein, such as, among
others, “can,” “may,” “might,” “may,” “e.g.,” and the like,
unless specifically stated otherwise, or otherwise understood
within the context as used, is generally intended to convey
that certain embodiments include, while other embodiments
do not include, certain features, elements and/or steps. Thus,
such conditional language is not generally intended to imply
that features, elements and/or steps are in any way required
for one or more embodiments or that one or more embodi-
ments necessarily include logic for deciding, with or without
other input or prompting, whether these features, elements
and/or steps are included or are to be performed in any
particular embodiment. The terms “comprising,” “includ-
ing,” “having,” and the like are synonymous and are used

EERNTS
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inclusively, in an open-ended fashion, and do not exclude
additional elements, features, acts, operations, and so forth.
Also, the term “or” is used in its inclusive sense (and not in
its exclusive sense) so that when used, for example, to
connect a list of elements, the term “or” means one, some,
or all of the elements in the list.

[0244] Disjunctive language such as the phrase “at least
one of X, Y, Z,” unless specifically stated otherwise, is
otherwise understood with the context as used in general to
present that an item, term, etc., may be either X, Y, or Z, or
any combination thereof (e.g., X, Y, and/or Z). Thus, such
disjunctive language is not generally intended to, and should
not, imply that certain embodiments require at least one of
X, at least one of Y, or at least one of Z to each be present.

[0245] While the phrase “click” may be used with respect
to a user selecting a control, menu selection, or the like,
other user inputs may be used, such as voice commands, text
entry, gestures, etc. User inputs may, by way of example, be
provided via an interface, such as via text fields, wherein a
user enters text, and/or via a menu selection (e.g., a drop
down menu, a list or other arrangement via which the user
can check via a check box or otherwise make a selection or
selections, a group of individually selectable icons, etc.).
When the user provides an input or activates a control, a
corresponding computing system may perform the corre-
sponding operation. Some or all of the data, inputs and
instructions provided by a user may optionally be stored in
a system data store (e.g., a database), from which the system
may access and retrieve such data, inputs, and instructions.
The notifications/alerts and user interfaces described herein
may be provided via a Web page, a dedicated or non-
dedicated phone application, computer application, a short
messaging service message (e.g., SMS, MMS, etc.), instant
messaging, email, push notification, audibly, a pop-up inter-
face, and/or otherwise.

[0246] The user terminals described herein may be in the
form of a mobile communication device (e.g., a cell phone),
laptop, tablet computer, interactive television, game console,
media streaming device, head-wearable display, networked
watch, etc. The user terminals may optionally include dis-
plays, user input devices (e.g., touchscreen, keyboard,
mouse, voice recognition, etc.), network interfaces, etc.

[0247] While the above detailed description has shown,
described, and pointed out novel features as applied to
various embodiments, it can be understood that various
omissions, substitutions, and changes in the form and details
of the devices or algorithms illustrated can be made without
departing from the spirit of the disclosure. As can be
recognized, certain embodiments described herein can be
embodied within a form that does not provide all of the
features and benefits set forth herein, as some features can
be used or practiced separately from others. The scope of
certain embodiments disclosed herein is indicated by the
appended claims rather than by the foregoing description.
All changes which come within the meaning and range of
equivalency of the claims are to be embraced within their
scope.

What is claimed is:

1. A sensor system, comprising;

a sensor interface configured to receive sensor signals
from a plurality of physiological wireless sensors;

one or more computing devices;
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a non-transitory memory medium that stores instructions
that when executed by the one or more computing
devices causes the sensor system to perform operations
comprising:

establish a virtual private network;

receive over the virtual private network sensor data from
one or more physiological wireless sensors associated
with a first user, the physiological wireless sensors
comprising at least a heart rate sensor that provides
heart rate sensor data for the user, an arterial pressure
sensor that provides arterial pressure sensor data for the
user, a glucose sensor that provides glucose sensor data
for the user, a blood oxygen sensor that provides blood
oxygen sensor data for the user, or a body temperature
sensor that provides body temperature sensor data for
the user;

determine, based at least in part on the received sensor
data, whether a first biological event predictive model
is to be executed;

at least partly in response to determining that the first
biological event predictive model is to be executed,
execute the first biological event predictive model
using at least a portion of the received sensor data to
provide a biological prediction for the user;

based at least in part on the biological prediction for the
user, determine whether an operation of a first medical
device of the user is to be modified;

at least partly in response to determining that the opera-
tion of the first medical device of the user is to be
modified, cause the operation of a first medical device
of the user to be modified;

at least partly in response to determining that the opera-
tion of the first medical device of the user is not to be
modified, leave the operation of the first medical device
of the user unmodified.

2. The sensor system as defined in claim 1, wherein at
least one of the physiological wireless sensors comprises a
biomedical microelectromechanical (MEMs) system config-
ured to perform sample preconditioning and output precon-
ditioned sample data.

3. The sensor system as defined in claim 1, wherein at
least one of the physiological wireless sensors is configured
to communicate over a 2360-2400 MHz radio frequency
band and/or a 30-37.5 MHz radio frequency band.

4. The sensor system as defined in claim 1, wherein at
least one of the physiological wireless sensors is assigned a
unique Internet Protocol address.

5. The sensor system as defined in claim 1, wherein at
least one of the physiological wireless sensors comprises an
implanted sensor or a sensor surface-mounted on a body of
the user in a fixed position.

6. The sensor system as defined in claim 1, wherein at
least one of the physiological wireless sensors is worn using
a wrist band.

7. The sensor system as defined in claim 1, wherein at
least one of the physiological wireless sensors comprises a
processing device, a battery, and a wireless transceiver.

8. The sensor system as defined in claim 1, wherein the
sensor system is configured to:

dynamically generate a data interface to collect a plurality
of types of health status information, demographic
information, and clinical information, wherein the
interface comprises a human-readable interface and/or
a machine-readable interface;
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collect the plurality of types of health status information,
demographic information, and clinical information
using the data interface;

identify potentially significant predictors of future health

states based at least in part on information collected
using the data interface;

generate the first biological event predictive model using

the identified potentially significant predictors of future
health states.

9. The sensor system as defined in claim 1, wherein the
sensor system is configured to:

generate treatment recommendations based at least in part

on generated predictor results obtained from executing
the first biological event predictive model.

10. A method comprising:

receiving over a virtual private network at a computer

system comprising a computing device encrypted sen-
sor data from one or more physiological sensors asso-
ciated with a first user, the physiological sensors com-
prising at least a heart rate sensor that provides heart
rate sensor data for the user, an arterial pressure sensor
that provides arterial pressure sensor data for the user,
a glucose sensor that provides glucose sensor data for
the user, a blood oxygen sensor that provides blood
oxygen sensor data for the user, or a body temperature
sensor that provides body temperature sensor data for
the user,

determining by the computer system, based at least in part

on the received sensor data, whether a first biological
event predictive model is to be executed;
at least partly in response to determining that the first
biological event predictive model is to be executed,
executing by the computer system the first biological
event predictive model using at least a portion of the
received sensor data to provide a biological prediction
for the user;
based at least in part on the biological prediction for the
user, determining by the computer system whether a
first action is to be taken, the first action comprising
transmission of an electronic notification and/or a
modification of an operation of a first medical device;

at least partly in response to determining that the first
action is to be taken, transmitting by the computer
system the electronic notification and/or causing the
operation of a first medical device of the user to be
modified; and

at least partly in response to determining that the first

action is not to be taken, not taking, by the computer
system the first action.

11. The method as defined in claim 10, wherein at least
one of the physiological sensors comprises a biomedical
microelectromechanical (MEMs) system configured to per-
form sample preconditioning and output preconditioned
sample data.

12. The method as defined in claim 10, wherein at least
one of the physiological sensors is assigned a unique Inter-
net Protocol address.

13. The method as defined in claim 10, wherein at least
one of the physiological sensors comprises an implanted
sensor or a sensor surface-mounted on a body of the user in
a fixed position.

14. The method as defined in claim 10, wherein at least
one of the physiological sensors is worn using a wrist band.
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15. The method as defined in claim 10, wherein at least
one of the physiological sensors comprises a processing
device, a battery, and a transceiver.

16. The method as defined in claim 10, the method further
comprising:

dynamically generating a data interface to collect a plu-
rality of types of health status information, demo-
graphic information, and clinical information, wherein
the interface comprises a human-readable interface
and/or a machine-readable interface;

collecting the plurality of types of health status informa-
tion, demographic information, and clinical informa-
tion using the data interface;

identifying potentially significant predictors of future
health states based at least in part on information
collected using the data interface;

generating the first biological event predictive model
using the identified potentially significant predictors of
future health states.

17. The method as defined in ¢laim 10, the method further

comprising:

generate treatment recommendations based at least in part
on generated predictor results obtained from executing
the first biological event predictive model.

18. A system, comprising;

a sensor interface configured to receive sensor signals
from one or more physiological wireless sensors;

one or more computing devices;

a non-transitory memory medium that stores instructions
that when executed by the one or more computing
devices causes the system to perform operations com-
prising:

receive over a network sensor data from one or more
physiological sensors associated with a first user, the
one or more physiological sensors comprising at least
a heart rate sensor that provides heart rate sensor data
for the user, an arterial pressure sensor that provides
arterial pressure sensor data for the user, a glucose
sensor that provides glucose sensor data for the user, a
blood oxygen sensor that provides blood oxygen sensor
data for the user, or a body temperature sensor that
provides body temperature sensor data for the user;

determine, based at least in part, on the received sensor
data whether a first biological event predictive model is
to be executed;

at least partly in response to determining that the first
biological event predictive model is to be executed,
execute the first biological event predictive model
using at least a portion of the received sensor data to
provide a biological prediction for the user,

based at least in part on the biological prediction for the
uset, determine whether a first action is to be taken, the
first action comprising transmission of an electronic
notification and/or a modification of an operation of a
first medical device;

at least partly in response to determining that the first
action is to be taken, transmit the electronic notification
and/or cause the operation of a first medical device of
the user to be modified.

19. The system as defined in claim 18, wherein at least
one of the physiological sensors comprises a biomedical
microelectromechanical (MEMs) system configured to per-
form sample preconditioning and output preconditioned
sample data.
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20. The system as defined in claim 18, wherein at least
one of the physiological sensors is configured to wirelessly
communicate over a 2360-2400 MHz radio frequency band
and/or a 30-37.5 MHz radio frequency band.

21. The system as defined in claim 18, wherein at least
one of the physiological sensors is assigned a unique Inter-
net Protocol address.

22. The system as defined in claim 18, wherein at least
one of the physiological sensors comprises an implanted
sensor or a sensor surface-mounted on a body of the user in
a fixed position.

23. The system as defined in claim 18, wherein at least
one of the physiological sensors is worn using a wrist band.

24. The system as defined in claim 18, wherein at least
one of the physiological sensors comprises a processing
device, a battery, and a wireless transceiver.

25. The system as defined in claim 18, wherein the system
is configured to:

Dec. 8, 2016

dynamically generate a data interface to collect a plurality
of types of health status information, demographic
information, and clinical information, wherein the
interface comprises a human-readable interface and/or
a machine-readable interface;

collect the plurality of types of health status information,
demographic information, and clinical information
using the data interface;

identify potentially significant predictors of future health
states based at least in part on information collected
using the data interface;

generate the first biological event predictive model using
the identified potentially significant predictors of future
health states.

26. The system as defined in claim 18, wherein the system

is configured to:

generate treatment recommendations based at least in part
on generated predictor results obtained from executing
the first biological event predictive model.
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