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100 Diagnostic Loop Overview

A We have a patient and a Chief Complaint (CC).
We need a diagnostic report. !

— 102
Set Up Diaanostic Loop (FIG. 2) !
Initialize computer resources needed for the Diagnostic Loop.
Establish the Diagnostic Loop modes, rules, options, limits, and goals.
Based on the CC, retrieve and assemble a set of candidate diseases. !

110
| Pick Current Disease (CD) (FIG. 4)
/ From the Candidate Diseases, select the disease to be evaluated. |

t_o 120

Pick Current Symptom (CS) (FIG. 5) |
From the symptoms of the current disease, select the symptom to be evaluated.

y | \‘—— 130

Obtain Symptom Value (FIG. 6)
Establish the value of the current symptom in some way such as;
by calculation, inference, table lookup, or direct questioning.
i
v — 140
f Apply Symptom Value {FIG. 11) ;
no : Assess the impact of the new symptom value on all candidate diseases. ,
, Compute diagnostic weights and synergies.

H
)

y -- 150
Update and Record (FIG. 21)
Update temporary lists and permanent records with
new values, scores, and diagnoses.

g e 160
] Review Diagnoses {FIG. 22) ‘
| Check if the loop goals or limits have been met, if the loop should
E be terminated for sorne reason, or if another iteration is permitted.l

: ,

v — 170
o (" Has the Diagnostic Loop been terminated?
Shut Down Diagnostic Loop (FIG. 24) i

v | 180
Return }
with Diagnostic Report :
N 182

FIG. 1
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Set Up Diagnostic Loop 1, 10

Enter i
with a Chief Complaint (CC) |
and a Diagnostic Loop Mode

<
— 202

, Based on the given Diagnostic Loop ,
| mode, initialize the HAI/VAI mode to HAI|
; or VAl

t

| — 204

Y
Based on the given Diagnostic Loop mode, set the )
| Alternative Symptom mode to permit or to inhibit
alternative symptom valuation. ;
j N 206
h 4
Based on the given Diagnostic Loop mode, establish all other internal |
flags, control variables, parameters, modes, rules, options, limits, and

goals of the diagnostic loop. .
Ay

, “— 208
h 4
Obtain and initialize computer resources needed for this use of the |
Diagnostic Loop. l

] — 210
" Y L
Retrieve from the Disease Script Database all diseases that are indexed for*

the CC.

4 - 212

]
Set Up Disease-Symptom Structure !
; Fig. 3 ;
} : . |

! —— 220

[ Return

AN
— 222

FIG. 2
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Set Up Dissase-Symptom Structure
220

\ LEEter

302

Create a Disease-Symptom Structure, such as a Disease-Symptom Cube |

(DSC), with columns for all the diseases selected by the CClI, rows for the ,

maximum number of symptoms used by all diseases, and time slices (Z-axis) for
the time intervais used by the diseases.

- 304

h 4

From the selected diseases, extract all diseases marked ‘urgent’ and sort these |
by decreasing urgency.

l .
Place the most urgent disease as the Ieftmost column of a Disease-Symptom |
Matrix (DSM) [the DSC at one time slice].

306

" 308

Piace the remaining urgent diseases in the next columns of the DSM. i

-~ 310

h

From the selected diseases, extract all diseases marked 'serious' and sort these;
by decreasing seriousness.
Place the most serious disease as the next available leftrnost column of the |
DSM, next to the urgent diseases.
Place the remaining serious diseases intoc the next columns of the DSM. '

— 312
h A
Sort the remaining selected diseases by decreasing prevalence (i.e., decreasing,
probability of occurrence of the disease in the population from which the patient:
] comes).
Place the remaining diseases in order of decreasing prevalence as the next
available leftmost column of the DSM, next to the serious diseases.

| — 314
v
Return !

t— 316

FIG. 3
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120 Pick Current Disease
|
S | Enter
! We have a list of candidate diseases to be diagnosed.
! We need to select one candidate disease (CD) to focus on. !
i e 402
. v -
{ Are there any diseases in the candidate list? ——no
, : N \
yes —— 404 |

/—yes——( Have all diseases been diagnosed? —\_J g

Y

no —— 406

a x . |

! 7 1s the VAl mode set for a particular

| no’ y disease? B ,
| ' —— 408 ’

! i yes

| 412 — |} v .~ 410 —— 430

_i Setthe HAI | (Hlasthe VAl disease\ | | Pick the VAI | |

; leyes . N0 . I

: mode .\been diagnosed? - disease

414 — ] eme 416 I

' /s DL Mode: Pick disease® i ’ .
|+ with highest actual dx i—yes»i highest actual F——

Pick disease with

N momentum? diagnostic momentum! ‘
418 — mo —420 | i
; Is DL Mode: Pick \ Pick disease with | '
:  disease with highest J——yes—a- highest potential . [440 —, .
" potential dx momentum?,/ dx momentum h e
; : —— 24 : ¢+ Signal
422 —\\ n'O | i i - 'Empty :
. {Any other selection criteria? —yes-» Pick disease that | | i Disease List'.
|~ matches criteria - .
p—vr 1 i
—y no —— 426 | — 432
Signal 1 3y (Default Selection); —‘—Si nal Havel |
End of | - > Pick next eligible >0 o, 0C| |
Dlsegses .[ | disease on the fist™ L
| — 434 | i
h - | :
\ Return : :
~ » with Signal and
; CD !
FIG. 4
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130 Pick Current Symptom

Enter !
We have a Current Disease (CD) to be diagnosed. !
We need to select a Current Symptom (CS) and its |
alternatives,

504 — |
e Y : — 502
| Are there any unevaluated
symptoms in the Current '—no 506

508 — L Disease? i [ l /— .

\ j | Return |

™ H .

! Does the CD specify certain ]  Current

/| symptoms to be asked initially?,  Symptom”|
yes,, _—— 510 P 512

no !" Have all of the initial ] no Select the next initial -
| symptoms been = ~ked? | symptom ; ;
yesl 516 o 518 '
\__F:)oes the LBE Mode specify selectina os—» Select the symptom ,
ithe symptom with the biggest weighg'_y with the biggest weight Y
no, . —520
i Does the LBE Mode specify | |
1 selecting a symptom related to ' '
ithe previously asked symptom?) :
yes] 922 — 524
no ;’ Is there a related yes | Selecttherelated |
symptom? symptom \ll
oy 9% — 528
~ [ ; i
| Does the LBE Mode specify selecting s—h! Select the easiest | [
I the easiest symptom to answer? | i symptom to answer i
no § 530 _— 532
i Does the LBE Mode specify es-—r; Select a random | i
._\selecting a random symptom? y symptom ' \1
' —- 534!

-

no
\ Select the next symptom in symptom list
order (default)

—- 514

Return Current Symptom
i(and Alternative Symptoms, if any):

FIG. 5§
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N

Obtain Symptom Value

Enter i
We have a Current Disease (CD) and a Current Symptom (CS). i
We need to obtain the value of the CS (or an alternative) at time {. i

N
— 602
__—— 604
('Has the CS already been evaluated during the current sessiom_
! _
o _~—— 608

4
{ Does the patient's medical record have a valid CS value at time t?; yes

—m——
1

e . —— 609
(——-( Does the CS have alternative symptoms that can be used?"'ﬂ'l
yes - — 610
no ¥
/—no—ﬁs there a valid alternative value?\‘ &1
i - -7 .
i( ¥YeS | Use the altenative value at L
1 ; time t ;
\ . ]
o~ 612
( What type of valuator object does the Current Symptom use? ;
Direct
Question ‘
» Use Question Valuator Obiect (FIG. 7) | i
Ll aluator ODj - | B — l
—— 620 '
Formula_,[™yse Formula Valuator Object (FIG.8) —
—— 630
Lookup -;f Use Lookup Valuator Object {FIG. 9)
Spectrum of — 640
Terms : : -
+ Use Spectrum of Terms Valuator Object_(FIG. 10) |—\1.
...other valuator ,—— 660 — 650 = :
types... N ...Use Other Valuatar Object N etum i
Types.. : symptom value
- j .' at time t
//'.’
606 —
FIG. 6
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620

Use Question Valuator Object

Enter
We have a Symptom Object that uses a Question Object as a valuator
We need to obtain the value of the Symptom at time L.
\—— 702

r

! Based on the current LBE Mode, obtain the proper set of Node Objects.i

e 706
) .— 708
Display the next node tothe |
'/_’ patient :
i
i U S 710
! / Get a response, -
Node ‘ orfimeout?  me-out-.
e S
| |
Response
| — 714
h 4
Does the response represent a™
f nal value or does it activate
another node?
Value 712
i —T716 y
" Return the value | Return the value |
! " TIMEOUT” .
L j
FIG. 7
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63? Use Formuta Valuator Object
S
Enter

We have a Symptom Object that uses a Formula Object as a valuator.
I We need to obtain the value of the Symptom at time t. :

T

802

Y

f
! Execute Formula Valuator Object (FIG. 8b} |

' to determine the desired Symptom output value |

t

i —— 810
v
: Retumn the computed value

FIG. 8A — 812
810
"
; Enter
1 Execute Formula Valuator Object
> —- 820
' i
| ! Execute at least portion of formula |
! i ;
L l_ \.-‘ H
| 140 s —- 822
Execute Symptom | v
Object (FIG.6) |
Object (FIG. 6 A—HD—/VBMG of Symptoms evaluated"
to evaluate Symptom ,
value ; yés @24
h 4
Complete execution of formuia |
(as necessary) '
l pN 832
? 1
' Return i
— 834
FIG. 8B
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640

Use Lookup Valuator Object
~— 902

]

! Enter i
}We have a Symptom Object that uses a Lookup Object as a valuator.
!We need to obtain the vaiue of the Symptom at time 1.

i

|

|

904 —, |
!

Obtain the value of a Symptom by looking it up in specially l
prepared graphs, charts, files, tables, databases, eic.

906 — |

h 4

Return the computed vajue |

FIG. 9
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Use Spectrum of Terms Valuator Object 650
: Enter ' “
’ b 1002

¥
Define a spectrum of terms J
correspanding to a subjective
description of each of a set of
aspects for a symptom

N o0t

|
|
L 4
. For each aspect of the symptom, ,
i Assign diagnostic weights for each ;
. term of the spectrum of 'erms . - 1006

Off-line

On-line

-

A A
Present the spectrum of terms to the r

patient for one aspect of the symptom |
(Spectrum of Terms Valuator Object)

h |
Receive term selected by the |
| patient j

* 1010 i

E

P
[ Further aspects of the symptom to\____ N ;CC:SSO??;; 4
! be processed? Y ; asp

; symptom

no — 1014 1016 --

h 4
| Encode the selected terms into a -
code

E — 1018
— 1020

' Return ‘

FiG. 10
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150
L
o Apply Symptom Value

i : Enter i

i

' We have just obtained a new value V for a symptom S at time t. :
We need to apply the new value to ali diseases that use S. |

— 1102

Repeat for D = 1 to number of candidate diseases !

1104

———>{ Does disease D use symptom S? } ~

I
, —- 1106

es i
Yi ]

Y

i From the disease object D, retrieve the diagnostic | i
| weight W assigned to the vaiue V of symptom S at | ,
| time T and save weight W in a variable that :
] corresponds to the vector (D, S, V, t). I' |

| \ |

| — 1108
f : : ‘
: As appropriate, analyze changes of the encoded ° no
i | term spectrum data (Fig 10) over time; retrieve and)| ;
i | save diagnostic weights associated with changes. r !
| — 1110

h 4

Compute Synergies (FIG. 12) ‘
Iof symptom S in disease D at time t

1
I 4
+

— 1120

!
| — 1124

Increment D e——yes——{ Any more diseases? je

¥

{
no

1122

E_L'_l
| Return |
——]

— 1126

FIG. 11

SUBSTITUTE SHEET (RULE 26)



=5 AUG 2004

WO 01/61616 PCT/US01/04%07

12/37

1120
| Compute Synergies

Ay

e

Enter
We have a new value V at time {, for a symptom S of a disease D.

We need to review all synergies and recalculate any synergy weight changes for D

: - 1202

v
{f Has the author defined any synergies for disease D? —no-.

l [__t_\
yes — 1204 Return !

1 —

Y

| Repeat for i = 1 to the number of synergies defined for disease D| — 1206
"— 1208
y . —— 1210
/—»;\ What is 10e type of synergy i? |
| First Sig. Symptom — 1220
Synergy
- > Calculate FSS Synergy (FIG.13) —
' )
Onset [Offsef] .. 1230
Synergy I
» Calculate Onset [Offset] Synerqy (FIG. 14)J—\‘l
| S;quencing ' -~ 1240
| ner : .
i ynergy » Calculate Sequencing Synergy (FIG. 18) -——
. Simultaneous ' -- 1250
_I Synergy »  Calculate Simult. Synergy (FIG. 19) ——
Time Profile 1260
Synergy : e i
» Calculate Time Profiie Synerqy (FIG. 20) *-- -
... other synergies ... = I1270 ’
> ...calculate other synergies... ;

— 1274 1272

— e —
K—J Increment i yes——— Any more synergies?

no  _— 1276
—

i Return
—_

FIG. 12
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1220
4
N Calculate First Significant Symptom (FSS) Synergy
! Enter !

We have a Disease D and a Symptom S of that disease. :
We need to compute and save the FSS synergy, if applicable

S 1302

L Does disease D identify a First Significant Sy\mptom? )— no —_
* " 1304

yes

- |
(Is symptom S the First Significant Symptom of disease D?—no-
] N 1308 |

yes

1 ,

Retrieve the synergy weight of symptom S i
" from the FSS list of disease D. ‘ | |

1310

|

h 4

. Save the weight in the actual weight, score,:
| and momentum area of disease D.

1312 E

— 1306 !
v _
: Return i« -

FIG. 13
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1230
\; Calculate Onset [Offset] Synergy
. 1402
Enter 1’

We have a new value V at time t, of a symptom S of a disease D.
We need to compute and save synergy weights related to onset and offset|
!

1404

Y

/Does disease D use Onset/Offset synergy weighting";\_k__
' AND is the value V related to Onset/Offset?

es
14108 — —__ ye no

i v
Analyze Onset/Offset Synergy (FIG. 15) '
for the CV and save it in the appropriate ‘

weighting and scoring areas of disease D. °
(Were any Onset or Offset synergy weights changed above’?‘)—ﬁ

1414
_\

yes
14100 —_ ! o

Y
| Analyze Symmetry Synergy FIG. 15) | .
for the symptom S and save it in the | |
! appropriate weighting and scoring areas .
i of disease D. ] l

1416 — |
_ v

—

Return

FIG. 14
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Analyze Onset [Offset] Synergy
1410
' Enter J[

| 1502

Y ]
((Are there any data points? +—no—»|

Return

. "nodata”

e L
' yfs — 1504_ 1506 —/
(Are there onset data points?——
yés N 1508
!Compute Onse:SIope (FIG. 16)§
1510 no

h 4
| Compute Onset Trend (FIG. 17) |

e 1520 j

_—————{Are there offset data points'?,n——/
. ; !

yes 1522
Y
Compute Offset Slope (FIG. 16) |
C 1510

'.
!
!
|
[l
!

! Compute Offset Trend (FIG. 17) |

i — 1520
( Are there both Onset and Ofiset data points? }«\

T X .
yes —— 1524 i
; |
!

B
o

If Onset is symmetrical to Offset |
then set Symmetry = YES ; no
else set Symmetry = NO | 5
; | — 1526 |
) »  Retun i«
N\ 1528
FIG. 15

SUBSTITUTE SHEET (RULE 26)



WO 01/61616

=5 AUG 2004

PCT/US01/04907

16/37

1510 Compute Onset [Offset] Slope

-

Enter .
i — 1602
| Use SLOPE function (Fig. 25)

IL to compute Onset Slope |

—— 2500

A J
{ Was an Onset Slope returned? ———.

i S
! — 1606
yes :
' |
- - }
! Does Onset Slope meet or exceed no—»:
the Onset Slope Threshold?

b}

' — 1608
yes no
v
. Retrieve Onset Slope synergy
| weight and save in disease object '

— 1810

|

Return e
— 1614

FIG. 16
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Compute Onset [Offsef] Trend .
1520

N
e

Enter '
' N 1702

h 4

Use symptom TREND function {Fiq. 26}
to compute Onset or Offset Trend

— 2600

Y
Was a Trend returned? ——

yes 1706 |

¥

~
[Does Trend meet or exceed the |

Trend Threshold? J no—»

l AY
yes
v

i Retrieve Trend synergy weight ‘F ;
i and save in disease object | ‘

— 1708

: — 1710

! Return e )

— 1714

FIG. 17
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1240
\ Calculate Sequence Synergy

Enter
We have a new value V at time t, for a symptom S of a disease D.
We need to compute and save sequence synergy weights (if any) in disease D.

; — 1802
I

(f Does disease D use Sequence Synergy weighting?

! - 1804

| Retrieve the symptoms that are invoived in :
Sequence Synergy from the disease D object.

: — 1806
v

ICompare the symptom sequence specified by the authoq

.to the actual symptomns sequence in the patient.

~— 1808 |

h 4

,” Does the patient's symptom sequence !
! no- —
- match the author's synergy sequence? N

! TN L _ 1810
yes
|

h 4

iRetrieve the corresponding synergy weights.
ISave them in the appropriate weight and score areas of disease D, i

; - 1812
oy
Return -

— 1814

FIG. 18
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1250
l\p Calculate Simultaneous Synergy
Enter

We have a new value V at time t, for a symptom S of a disease D. ;
We need to compute and save new simultaneous synergy weights (if any) in disease D. !

| "— 1902
!
] v
{ Does disease D use Simultaneous Synergy weighting? '— no —_
! — 1904
yes
J
L 4

' Retrieve those symptoms il. 3t are involved in ,
] simultaneous synergy from the disease D object. E

S 1906

ﬁ)oes the patient's simultaneous \
’ no —- |

»_symptom set match the author's set” B

| T~ 1008

yes s

; . o
. Retrieve the corresponding synergy weights and save them in
i the appropriate weight and score areas of disease D. l ’

I ~.

1912 — | J

: Return |«

FIG. 19
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1260
"\, Calculate Timeline Profile Synergy
Enter

;’
|

We have a new vaiue V at time t, for a symptom S of a disease D.
We need to compute and save new timeline profile synergy weights (if any) in

disease D.
— 2002
v
7 Does disease D use Timeline Profile Synergy  ho —.
' weighting?
~ H
! — 2004
yes
. v :
jRetrieve the disease timeline for disease D.I :
| — 2006
|
- v :
; Does the patient's disease timeline profile or pattern ‘

" match the author's criteria for time-based weighting?

-

* -—- 2008
yes
v
Retrieve the corresponding synergy weights and save |
them in the weight and score areas of disease D.

e —

- ;
— 2010 |

, o
' Return '«

FIG. 20
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160

i
S

> Update and Record

i We have established new weights for all diseases that use the Current Symptom CSs.|
! We need to update the diagnostic score and momentum of these diseases, and i
| prepare for another iteration of the diagnostic loop.

N 2102

| Repeat for D = 1 to number of candidate diseases

— 2104
4 N
»( Does disease D use symptom CS? }

/ Vos 2106

v

'Sum the new weights added to disease D by the effects oﬂ
ithe new value fo. symptom CS.

\— 2108 !

r

Compute the next change in diagnostic diagnostic score |
for disease D, and save it as the diagnostic momentum.

2110

l Compute the new diagnostic score of disease D and save it. | NF’

— 2112

\ Y

|'f disease D has reached or exceeded various thresholds (e.g. rule-

iin, rule-out, trail, defer) then take the appropriate action such as .

imoving disease D from the candidate list to the "ruled-in" list. |
|

! e 2114
v ,
Update permanent records, backup copies, databases as needed,
|
— 2120 | | 216
- k4
“—| increment D H—yes—( Any more diseases? )«

| \

[ Return

2122

FIG. 21
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170
{

N

Review Diagnoses

We have obtained a new symptom value and updated all candidate disease scores.
We need to review how this has changed the overall diagnostic complex, to see if we can/ i
must terminate the loop or whether we can continue for another iteration.

N 2202

i

h 4
ﬁawew the cumutative scores and momentum variables of all Candidate Dlseases AN
Has one particular disease advanced (score) or is it advancing (momentum) %

significantly enough to select it directly for the next questioning? no
|
yes 2204 — .
' ¥ N i Set HAIVAI
| _Set HAIVAI to VAI for disease D. ' ~_mode to hAl
— 2208 2206 -

A

Review Diagnostic Goals (FIG. 23)
! Check if diagnostic loop goals or limits have been reached.

— 2210

A

Check if any Action Plateaus have been reached. i
Allow the OS, other FO modules, or the patient to interrupt, |
pause, adjourn, repeat, or terminate the loop, or to modify any
parameters, modes, or other control variables.

|
H

— 2212

h 4
| Set Loop Continuation or Termination Flag(s)

— 2214
{ y
} Return
i with loop continuation instructions

— 2216

FIG. 22
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2210
\ Check Goals & Limits

We have just updated the diagnostic scores of all diseases.
We need to check if any Diagnostic Loop goals or limits have been reached.

t— 2302

f Enter
|

(Is the Current Disease the last disease in the Iislﬂ— yes —

1 \
no —— 2304
4

,/—(ls the Dialog Loop goal to rule infout n diseases? )

I
‘ yes — 2306
no Y “ ’
I ( Have n diseases been ruled infout? —yes —
f N,
fio — 2308

v
s the Dialog Loop goal to rule infout specified diseases?)
H T

{

i yes ~ 2310
no Y - —
| ( Have they been ruled infout? - yes —.
; T ‘ ' |
' no — 2312 !
] v
— Is the Dialog Loop limited to n minutes? )
| ] N,
' yes — 2314
n° ( H imutes olapsed? ). —
ave n minutes elapsed? es
‘ T N, J_ y
no — 2316 -

Is the Dialog Loop limited to n questions? )
l ™

—

yes '— 2318

no L4 !

4 - N .

RS Have n questions been asked? ~ yes _l
| i

. no — 2320 !

I
-

Y
 Set the CONTINUE flag | i
[ . |

| — 2322
- ;
Retum |« Set Termination Fla
[ ST , g

2326 2324 —

FIG. 23
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180 shut Down Diagnostic Loop
o |
!
i Enter |
! —— 2402
i
M
§ Generate Diagnostic Report. i
————— 2404

Save new symptom and disease data.

—- 2406

|
|
' -
. Save Diagnostic Loop status as needed. -
| ]
— 2408

-

!
|
|
I
v

Release computer resources used by the loop. |

i 2410

v

Return

— 2412

| FIG. 24
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Symptom Object - SLOPE Method 2.500
<
We have the time parameters t1 and {2. E
We need to compute the slope of the value curve from t1 to t2. |
l — 2502
!_ Get symptom value v1, at time t1 5
\k——-2504
v :
‘ Set Result Flag =
?
{Is there a \ilaiue af t1D——no o v 1” ’—\
.\‘ 1 l '
— 2506 y :
yes 2508 i
h 4 . !
i Get symptom value v2, at time t2—_| ,
N
— 2510 l
ISet Result Flag = |
{Is there a value at t@— "’no VoM N
— 2512 ' ~
Y‘js ~—— 2514 |
|
' Compute slope s1 = (v2-v1}/ (12 -t1) |
| — 2516
h J 5
Did s1 overflow? ——yes——»l —cL Result Flag = [—-
: — "infinite slope” |
' — 2518 -
P 2520 l
Set Slope = 51 :
\i——-2522 ‘
i Set Result Flag = "normal”
| “— 2524 B

RETURN
with Slope and Result Flag [N— 2526

FIG. 25
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2600

We have time parameters t1, 12, and 3.

We need to compute the trend of the value curve across t1, t2, t3

y

{ Get symptom value v1, at time t1
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! Was there overﬂow'? \-—-yes i Sls;ﬁt?::;géazg e
no ‘|' ‘ — 2630
/Use Trend Threshold aspect toi — 2632
.81 >82— define comparison ranges. - S1<S82
. Compare Slope S1t0S2 | ‘|
y _ $1=82] —— 2634 4
SetTrend = | - ' i Set Trend =
t Trend = CONSTANT I ! ;
DECREASING |  (ootTrend = CONSTANT] |8 erEASING | |
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This page demonstrates a type of question that lets the patient specify visually when a given
set of symptoms occurred. The indicated Onset/Offset times are captured and used to adjust

the diagnostic scores.

2810 Time (hours) after First Significant Symptom
\‘ 0 1 2 3 4 5 6 7 8 9 10
2812 ' ANOREXIA
2814 | NAUSEA
2816 EPIG PAIN
2818 RLQ PAIN

0 1 2 3 4 5 6 7 8 8 10

Use the mouse to slide symptoms left and right to indicate when they occured

SUBMIT [~
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