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storing in an elecronic database patient health data, the patent
health data comprising a plurality of sets of dam, each set having
at least one of a first parameter relating to heart rate variability \

| data and a second parameter relating to vital sign data, each set 102
further having a third parameter relating to patient survivability

~providiag a.netwark of nodes interconnected to form an artificial
neural network, the nodes comprising 2 plurality of artificial
_peurons, each artificial neuron having at least one input with an \ .
associated weight 104

training the artificial neural network nsing the patient health data
- such-that the associated weight of the at ieast one input of each
artificial neuron of the plurality of artificial neurons is adjusted in
response to respective first, second and third parameters of
different sets of dama from the patient health data, such that the \
. -grtificial neural network is wained 1o produce a prediction on the 106
-survivability of a patient

\ 100
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Characteristics (N=100)
Mean age (SD) 65.21 (15.95)
Female (%) ' 37 (37.00)
Ethnicity (%)

Chinese 73 (73.00)
Maloy 15 (15.00)
indian 7 (7.00)
Other 5 (5.00)
Priority class (%)

P1 87 (87.00)
p2 13 (13.00)
Vital Signs (SD)

Temperature (°C) 38.81 (0.75)
Resp rate (/min) 19.47 (4.34)
,Pulse {(/min) 91.B2 (27.35)
SBP (mmHG) 135.99 (37.80)
DBP (mmHG) 75.94 (20.89)
Sp02 95.19 (7.12)
GCS 14.01 (2.77)
Pain Score 1.B4 (3.15)
Patient outcome (%)

Died 40 (40.00)
Survived ' 60 (60.00)
ECG characteristics (SD)

Mean iength (min) 207.52 (102.07)
% sinus rhythm 89.64 (13.99)

FIG. 11
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measuring a first set of parameters relating to heart rate
variability data of a patient

1402

measuring a second set of parameters relating to vital sign data of
the patient

1404

providing an artificial neural network comprising a network of
interconnected nodes, the nodes comprising a plurality of
artificial neurons, each artificial neuron having at least one input
with an associated weight adjusted by training the artificial neural
network using an electronic database having a plurality of sets of
data, each set having at least a parameter relating to heart rate

variability data and a parameter relating to vital sign data, each 1406
set further having a parameter relating to patient survivability

processing the first set of parameters and the second set of
_parameters to produce processed data suitable for input into the
artificial neural network

1408

providing the processed data as input into the artificial neural
network

\ 1410

obtaining an output from the artificial neural network, the output
| providing a prediction on the survivability of the patient '
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/ 2150

152
Measuring a First Set of Parameters Relating 215
to Heart Rate Variability Daota of o Patient
Measuring a Second Set of Parameters Relating to ——2154
Vital Sign Data of the Patient
_—2156

Obtaining a Third Set of Parameters Relating
to Patient Chaoructeristics

)
¥
Providing the First Set of Parameters, the Second Set | —2158
of Parameters and the Third Set of Parometers os Sets
of Normalised Data Values, where Required, to o Scoring
Model Implemented in on Electronic Database, the Scaring
Mode! Hoving @ Respective Category Associated to Each
Parameter of the First Set of Parameters, the Second
Set of Porameters and the Third Set of Porameters,
Each Category Having o Plurality of Pre—defined Vaiue
Ranges, Each of the Plurdlity of Volue Ranges
Haoving a Pre—Defined Score

{

Determing o Score for Each Parameter of the First Set [ —2160
of Paorameters, the Second Set of Parameters and the
Third Set of Parameters by Assigning the Sets of
Normalised Data to Respective Pre—defined Value
Ronges, Encompassing the Sets of Normalised Daota
Vaiues, of the Plurality of Value Raonges of the Cotegory
Associoted to the Respective Parameter of the First Set
of Parameters, the Second Set of Parameters and the
Third Set of Porometers

!

Obtaining o Total Score, Being a Summation of the 2162
Score for Each Porameter of the First Set of
Pargmeters, the Second Set of Parormeters ond the
Third Set of Porometers, the Total Score Providing
an indicotion on the Survivability of the Patient

FIG. 21

RECTIFIED SHEET (RULE 91) ISA/EP



WO 2011/115576 PCT/SG2011/000102

22/27

( Raw ECG (

Vital Signs and
Patient Outcomes
from Records

Pre—processing

HRV Calculation

v
Doto Preparagtion

\
Generate Training and

Testing Data Sets
ELM: SVM:
Training Training
Testing Testing
Trial<=50 >
No

Output Resuits

FIG. 22

RECTIFIED SHEET (RULE 91) ISA/EP



PCT/SG2011/006102

W0 2011/115576
23/27

Classifier Activation/ Accuracy Sensitivity  Specificity
kernel -function (%) (%) (%)
Hardlim 61.44 41.20 74.93

ELM Sigmoid 62.72 42.20 75.33
Sine 80.72 41.80 74.84
RBF 71.60 41.20 81.87

SVM Linear 69.76 46.60 B85.20
Sigmoid 71.68 39.40 93.20

FIG. 23

Classifier Activation/ Accuracy Sensitivity  Specificity
kernel function (%) (%) (%)
Hardlim 85.76 51.27 72.13

ELM Sigmoid 67.60 53.23 72.83
Sine 68.48 54.04 72.83
RBF 71.20 59.60 78.93

SVM Linear 71.04 58.00 79.73
Sigmoid 66.08 48.80 77.60

FIG. 24

Ciossifier Activation/ Accurocy Sensitivity  Specificity
kernel function (%) (%) (%)
Hardlim 68.48 51.07 76.71

ELM Sigmoid 72.40 53.47 78.42
Sine 68.80 52.B4 78.13
RBF 73.68 56.00 B5.47

SVM Linear 78.32 85.00 87.20
Sigmoid 71.04 47.00 88.40

FIG. 25
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Clossifier Activation/

Number of Selected Segments

keme! function M = 1 M=3 MW=5 M=7 M=29
Hardlim 85.60 68.48 689.44 67.28 87.52
ELM Sigmoid 68.48 72.40 73.44 7142 §8.36
Sine 64.96 68.80 68.24 87.36 65.84
RBF 73.04 73.68 72.40 73.28 70.96
SVM Linear 70.00 78.32 73.84 75.04 74.24
Sigmoid 62.54 71.04 72.00 71.28 70.24
FIG. 26
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FIG. 27

Selective Segment

Table 7 Classification accurocy with different predictive strategies using combined feotures.

Classifier Activation/ Giobal Local Total Selective
kemel function (%) (%) segment (%) segment (%)
Hardiirn 60.48 60.96 87.52 68.48
EiM Sigmoid 64.24 85.28 £68.35 72.40
Sine 58.82 61.12 85.84 68.80
RBF 62.32 66.72 70.96 73.68
SVM Linear 70.00 68.64 74.24 78.32
Sigmoid 60.64 80.72 70.24 71.04

FIG. 28

RECTIFIED SHEET (RULE 91) ISA/EP



PCT/SG2011/000102

6 Old

sl 0g°L 60'8L [4: a4 2669 au|s
08T gL 6'8L €6°LY 88°0L plowibis pBUjqLICY
S 5zl '8 vvaL 86'vY Y28 wipJoH
A €90 0G'L 8viL 68°9% ¥920 sujS
T AN} €48 ov L LTS 8¢°19 plowibis AYH
£9°0 cL's ovzL vy 09°'l9 wijpioy
¥6°0 082 ¥8°vL 08’y .09 8u|§
€90 ere £eGL 0Tty [ANAY plowbls  subis jpyA
. 82 ag’t £6YL TS 4 19 WijpIoH
(sw) swpy  (sw) euy (%) (%) (%) uopouny edAy
Bupssy Bujujoay Ayjoyioeds Kyjpisueg Aooinooy UODAOY 2injos 4

WO 2011/115576

RECTIFIED SHEET (RULE 91) ISA/EP



PCT/SG2011/000102

WO 2011/115576

26/27

ce 9l

£yopioedsg —e—
AJAj)IBUBS ~a-

A23DIndoy ~4—

8apoN USppIH jo Jequiny
0c o0z ol

08 0S5 OF

| i I i

3

BUIS :UO[IOUNY UOJIDAJ}OY

0t
oV
08

08

0L

08

(%) sunssy aARdIpald

I 914

Kyjoyj00ds —e—
LA sues ~s—
Aopindoy ~¥—

S6PON UBPPIH jO Jequiny

08 0§ Oy O0f 0C Ol
M ] i T
lllllll | S ISR S
i R T R
o

Bt il tieks St et 144
_. } }
g S 1
} } | }
i { } f

R Rt e EEE e 1

0L

08

splowbis :uojjoung UC[DA[OY

(%) sUNS3Y @ARDIPaL

o 9Ol

Kyjoyloedsg —e—
Ayapisuss —u—
AoDinooy —x—

§8pON USPPIH JO Jaquiny
0 0¢

09 08 OV

ot

0t

O¥
]

09

09
[

10L

08

MW PP :UOIUNY UO[DARDY

(%) synsay BAIDIP3I

RECTIFIED SHEET (RULE 91) ISA/EP



WO 2011/115576
27/27

PCT/SG2011/000102

Feature Activation Gilobal Local Segment
type function (%) (%) (%)
Hardlim .60.48 60.96 54.24
Combined Sigmoid 64.24 65.28 70.88
Sine 59.92 61.12 65.82
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