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Open the data file
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The main (summaries) file
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Close the file
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Open the raw data file
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Raw data loading period selection
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Viewing the data

Data browsing tools
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Viewing the data
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Viewing the data
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Open the file in ‘re-analysis’ mode
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Do load any configuration yet
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Analysis configuration editor
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Add signals to be analysed
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Add basic summaries
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Adding more formulae

8 On Line Analysis Configuration Dialog

Virtual Signals Final Analyzis |

{ Primary Analysis ;

Mame Formula Calc. Window ...  Updated [s] Min Max E
10 10

Mean(icp)
Choose the calculation window size

Calculation Window 3ggcification Valid values range

Name :

CPH Calculation Period : 10 Max Value : 0
Enabled [V] Update Period: 10 s Min Value: 0

\ Choose the calculation rate

Formula: Function
Mean( abp ) - Mean( icp ) Arguments :

Series 1:
@ HRVstats 5 ) b

Index
m [?l @ Q Intercept

IsNANFree |'—

Choose Mean function |2 [Z] |kurosis

|¢' oK

Length

LG [ax Double click to choose the variable
Ol —

Function description:

Function calculates mean value of samples over the specified buffer

#fiz UNIVERSITY OF ‘

=" CAMBRIDGE | I Y




AQO 0 PK > ALlIO

- Calculation window size 5 min
7 On Gne Ang =

Final &nalysis Configuration Editor
I Virtual Signals I i Name @ Calculation Window Specification Valid values range
. PR’d Calculation Period : 300 s Max Value: 0
Data Acqui§| ,.is:
u te Period "NG0 H H
- pote prcd X | Calculation rate — every 1 minute ‘ -
Brief description of the parameter
Enabled
Name na
ABP Formula: . . , ‘- y Function
icP Correl( abp,icp) Double click ‘abp’ and then ‘icp Arguments
pto2 Series 1: abp
ECQ @ Function : Options: Series 2:
. 7 (9] AUC « | [woLm Missing Data Limit [%] (0 - 100} abp
Choose Correl function Barondex 3 ecy
E] E] B BarcindexEx B
BaroSpldx pto2
E] - E] BaroSpldxEx
Coherence
o)
CrossCorrel il
@) Lo
Function description:
Function calculates Pearson coefficient of correlation between two variables
Modi

tﬁ/ OK [,/ oK J [x Cancel l [ &3 Keyboard

#fiz UNIVERSITY OF

"% CAMBRIDGE Brain Physics Lab




Final parameters
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Start analysis
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Running the calculation
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Load preconfigured charts layout
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Multipage view of the data
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Histograms
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Histograms
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Visualising PRx against CPP
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‘Optimal CPP’ curve
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‘Optimal CPP’ curve
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Limits of autoregulation

M- - patart] (14 :tta (anabyuin)

£ Orical Notataok

!

Man CFP Optimad %] HEyars

CPP

ICP

PRx

cer I
CPPog

69.12
PRxopt »
03186 &

8618

Ll
53.30

Median = "t
e867 £ °
Std Dev g
11.02 [

4L 29 A7 50 B A0 v A B 7 50 rd-] 75 B2 5D &7 850 §250 FH 15 1075 125 175 10
cPP
Time scalw: < 3 days, 11 hours »  G@0V009 03:43:20 . 1109005 14:43.20
LESR YIS ICRICYE Y F S8 &
- NAData\JCM+ \Patiort 1\ petient] r14 dta ':n—.u-mi. comytetes
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’LOW RES summaries 10s.dta’ data file

To speed up further analysis we’ll use pre-processed data source file (for the
purpose of this workshop)

" File Open Dialog

! Type @ T - ['CM’ raw data file '] [ Default Folder ] . N:AData\ICM+\Patient 1\work folder v | B
T=BrowseforFile | &' Advanced Search |
Bl Desktop || Name ’ Size ftemtype Date modified
b i@ Libraries | 9 LOW RES summaries 10s.dta S70KB ICM+raw datafle  05/09/2017 09:14:52
i #@ Homegroup y

> R peter |
4 % Computer
p ﬂ Local Disk (C:)
<5 BD-RE Drive (E:)
» B2 My Passport (G:)
b ) BD-ROM Drive (H:) RS_App
4 5@ NCS 2017 Hawaii (\\hex) (N:)
4 |, Data
.. CNS Monitor
| ICM+
4 | Patientl
.. configs
. work folder
| Patient2
.. Installers -~

4

N:\Data\ICM+\Patient 1\work folder\LOW RES summaries 10s.dta
Signals: sap,dap,abp,icp,cpp,pbto2,hr,amp
Sampling frequency: 0.1

Start time: 07/09/2009 09:49:40

Number of samples: 35347

Period covered: 4 days, 2 hours, 11 minutes
Estimated memory required to wview [Mb]: 2.3

@ Open for browsing ‘

; Reanalyse raw data

‘“ Open new window \ Restart recording ’ @ Cancel ‘




10s downsampled data file

KoM= = LOW BES summanes 105t (mpart)

| (] |

| 1 . 5
‘ «M‘w‘w m”""“’“‘ﬁwmws ,,L....L,, ;,’N.*‘W'M W fﬁ W‘\WML Aot )
Mfmw”"ﬁw}b‘ s M,t" ‘: mfw«*d.wl ‘AWL il ‘{“M*‘meg\“ A%J,kakmjuw l "'- 'km“‘ m '4"‘ ;ﬂ‘ﬁ* '

|
\\W‘M\W\J”‘\‘»\A~LI)M\"{!}Q‘“W \ Q “WJM}WYM'&WLﬂiwq\K *‘\m(t‘»w'w *v.h“&k?aﬁl Nwr’@(b"""\ (% &dﬁﬂ‘»‘*‘f« At q'

@9 00 00 1% 12.00 19 0000

Time scale: < 4 doys, 2 howrs, 11 minetes > 0702000 (13:49:40 - 11092009 12.00:40
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Select the LOW RES data file for analysis

. i
‘ ﬁ MO = LOW FES summnanies 10500 (import) ‘ ‘ - S

D Other File Actwvities
) 2 ] o 1 o
: B v | ]’ 1 PRy
o Adts  Restorw Sewe  Lusd Qrmr Zoso Cents Mt
Ay Prshie Bt Rarmtl Layost Layout Larst it st

Datndegrg T+ By

B e o e oo v | Defadtioon WD ICM Patart $werk fckde - LB

Aduarond et

Y * Soe Mmtpe Tew e ter
O -J‘, Lemna — Bow ees sermerns 1024 STEEE  CMetew s SATN1T 091482
Mareegreug
ewtione & peter
+ 8 Comgute
cpp 240 B Lo Tk (©
pbto2
hr

* NCS 20T Mevees [\

Dets

NS Morstin

1 o ) K
- « J Fatent]
b=
‘ ® 140 comleg
e 0 work Ickdes
L Fatert

brtaters

1m12.c0 &9 0000

< 00

Q3 12:00 10v3 00 00 1008 0 14/8 00 00 118 13 ‘

Time scale: < 4 days, 2 howrs, 11 minutes > 0709/2009 (3:49:40 - 110820083 1200:40

Q. aM T B+ % H{EE T

N Dt JOM - \Patinrst 1\owock Tebder LOW RES surmmames 100 s
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Configuring real time CPPopt calculation

Right click on the ‘Final Analysis’

Insert Extra Analysis Page
Add Extra Analysis Page

Data Acquisition Period [s]:  80.0

Delete Current Analysis Page

Formula Units Calc. Windo... Updated [s] Min

icp Mean(icp) &0 60 0

abp Mean(abp}) &80 80 0
pto2 Mean(ptoZ) 50 60 0
CPp Mean({CPP} &0 &80 1]
PRx Correl{ abp,icp } 300 60 0

l ﬂodify] ’+ Add ] ’— gelete] ’3_::9_ Clea[] ’ Auto Fill ] Defautt Period [s]: 60.0 [=5

[J oK ]lx Cancel] ’ Save ” Load ] ’ @Amanced] [ 5 Keyboard ]

#fiz UNIVERSITY OF
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Configuring real time CPPopt calculation

__ On Line Analysis Configuration Dialog Lol e S|
| Virtual Signals | Primary Analysis | Secondary Analysis 1| Final Analysis

Data Acquisition Period [s]:  60.0 = | Adustcalc. Period |

MName Formula \_ Units Calc. Wind... Updated[z] Min Max E
ICP Mean(ICP) 60 60 0 0 Y
ABP Mean(ABP) &0 80 0 0 Y
PtO2 Mean(Pt02) 60 60 0 0 Y
PRx Mean(PRx} 60 60 0 0 Y
CPP Mean(CPP} 60 60 0 0 Y
T ‘ b —_— -— =

—
— = - -
Populate the mean values
g Tirst

I Hﬂdiﬁrl [+ Add ] [ - gelete] [3;:9. Clea[l Auto Fill Default Period [s]: 60.0 |5
[«' 0K ] [x Cancel] l Save ] l Load ] l k4 Advanced ] l & Keyboard ]

#fiz UNIVERSITY OF
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Configuring real time CPPopt calculation

Final Analysis Configuration Editor

Hame : Calculation Window Specificatid
CPPopt Function:  OptimalValue
Calculation Period @ 1440
Units @ P .
Update Period: &0 @msmg Data Limit [%5] 100.00
Number of bins 16 &
Brief description of the param = . .
Enabled Optimal Cerebral Parfusion| | | Minimum bin value %0 = the InpUt Varlables
Maxirmum bin value 120 %
Formula: Function
ini i 1.00 =
T R = = Minimurm bin data count [%%] = Arguments :
Choose Optimal Value function R o =)=
Win - Concave [ abp
Moment CPP
WMSEntropy MNeed not indude 'best’ ] icp
OptimalValue PRx |
@ OptimaalueFlex 1N Use error weighting ] pto2
Percentile (u
Lo ][ PhaseShift Enforce Y range B
Power
- = i =
@ DulenCiste Enforce Y region - Min 0.00 =
Function description: Enforce ¥ region - Max 0.00 =
This function, which can be used to track "Optimal CPP", di Optimal range threshold AN = . It then tries to
fit a parabelic function to the resulting X plot. Point of the = alue.
If the threshold is set the function can return the lower an Min value of lower breakpaint 0.00 %
The function can also return:
- relative size of data included in the cu Max value of upper breakpoint 0.00 [=
- span of the fitted curve, and
- the fit type: Output value type [Dptimal X - ]
0 - no fit possible, =l
| « 0K | [ x Cancel ]

[q’ 0K ] Ix Cancel ] I %5 Keyboard ]

: UNIVERSITY OF
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Calculating lower limit of AR

|
R

Hame :
I LLA

Units :

Enabled

Calculation Window Specification

Calculation Period : 14400

Update Period : &0

Brief description of the parameter
Lower limit of autoregulation

Max

Min Val

Formula:

|| @)
(4] (5] (&) &)
[ EEE
Lo )W
[_petete | [0)]

Function :

OptimalValue -

OptimalalueFlex
Percentile

PhaseShift

Power

PulseStats [
PulseStatsEx

Range

Banknrral

-

Function description:

OptimalValue( CPP,PRx,'BIN3=16&MINVAL=408MAXVAL=120& THRSHLD=0.2&00UT=LL" I|

Options:
WDLIK Wissing Data Limit [%] (0 - 1
BINS Nurmber of bins (1 - 1000}
MINWAL Minimum bin value
MAXWAL Maximum bkin value
MINBIN Minimum bin data count [%]
MINDATA Kinimum included data [%] (
MINY SP Minimum % span
CONCANVE Concave (v/N)

- the fit type:

0 - no fit possible,

Thig functien, which can be used to track "Optimal CPF', divides X variables values inte bins and calcu
fit a parabolic function to the resulting X" plot. Point of the minimum/maximum of the function is returng
If the thresheld iz set the function can return the lower and upper limit of the optimal range.

The function can also return:

- relative size of data included in the curve fit,
- gpan of the fitted curve, and

[,/ OK ] [x Cancel I ’ &5 Keyboard

iz UNIVERSITY OF
CAMBRIDGE

i

Function: OptimalValue

| Missing Data Limit [%] 100.00 =2
Number of bins 16 V (%
Minimum bin value 40 %
Maximum bin value 120 ‘%
Minimum bin data count [%] 1.00 =
Minimum included data [%)] 50.00 e
Minimum Y span 000 : [%

Concave [
Need not indude 'best’
Use error weighting
Enforce Y range

Enforce Y region - Min

Enforce Y region - Max 0.00

Optimal range threshold 0.2

ClCRETCARICICINGC

Min value of lower breakpoint 0.00

Max value of upper breakpoint 0.00

=

Output value type [Lower Opt Limit

[ /o | | X cancel |

Brain Physics Lab




Analysis with CPPopt added

| Virtual Signals | Primary Analysis | Secondary Analysis 1 | Final Analysis

Data Acquisition Period [s]:  60.0 & | AdiustCalc. Period

Formula i Calc. Windo... Updated[s] Min

Mean(icp) &80 &80 ]
Mean(abp) &0 &0
Mean(pto2}) &80 &80
Mean{CPP} &0 &0
Mean{PRx) &0 1]
Optimalalue{ CPP, PR, "BINS=16&MINVAL=408MA 1440 &0

’ ﬂodify] 4+ Add | ’— gelete] ’3_;:9_ Clea[] ’ Auto Fill ] Default Perind [s]: 60.0 | =

’J oK ]’x Cancel] ’ Save ” Load ] ’ @Amanced] l 7 Keyboard ]

& CAMBRIDGE Brain Physics Lab




Load the complete analysis configuration profile

JCM- < LOW PES summaries 155224 (anatysn} % -‘ =

5 e < ofde
2 ot e . 1

L b gl & b Compater » INCS 2017 Hawai (\hes) () » Dita » XM » Patientd » configs -lésll 2
ey g 3

Onganize = New foldes . [ ®
Llr.lL HIL'III': T R TR UL T

. CF'F'n:rpt profile - LOW RES sourceacmc

lav lavnut far hacic summarnes swath PRy icme
um;vmm

EU ROM Onve (RIRES App
o NCS 2017 Hawes [\\hex) (N
¢* Dropbox (\\hex) (W)

Flensme CPPopt peolile - LOW RES seurce some « |ICM+ Configurstion

Profile Fie =

|  fpen | Cancel

Tiewws scale: <4 hours »  IBDST017 11.26:08 . 15:2608

jo. am I|@- xan* 7 |

N \Data JCM-+ \ Pataert §imork foloiee' :u—l—"‘nl m foww Zete coiece Sle

sfiE UNIVERSITY OF
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Do not start analysis yet
Lets examine the configuration first

KM - LOW RES 3 s 1054
L «. ? X
— ? l »
W e | e
son Mermss  Sones CalcdsSow Coere tew | Seve  loed et
Adbor L

e = Clnical Nowbook

Main o3 CPP Optesa| 1CF Wavsforma HERograms

ABP
cPP

=)
t
£
ICP §
E ]
£
PRx =
>
-
PRx
Pbi02 T 4
E
E «

k. & X e BeE T

NAData\ ICMe Patient 1\ ovork folder\LOW RES sarmmanes 10sdta Anshnie corfiguraten chenges
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View the analysis configuration

A - LOW RES sommaries 10500 (anadysis)
]
| Yt P Sorotates
& Seres | &% Cinical Notsbook
Man g3 CFF Optisal WP Wavslarmw | B9 O dime Aswiysis Comfiganntion Diakog
- Vitsal Ggran  Frmory Anatyss | FlaiAnayss
ABP
CPP tarrs tamum tarewgtim [ Vax
—
o
A
E 0
E
—
IcpP G
> =
E )
—
PR _,
2 U
— 5 Moty | | 4 Ade ~ potese| | B4 Coenr Auto £l
PRx
- uu
=
PbtO2 I 40
8.
E 20
—
1)
1720000 17/91200 186 0000 18891200
Tiw scale: <4 days, 2 hours > 1652017 12.20:43 . 20082017 1436:4)
Briel &M X @~ neE T
| M Data\ICM \Pasrt Liwerk fekder\ LOW AES srmmanes 100 sorfigueation changed

CAMBRIDGE

Defust Fany O

Dgtat F a1 trumec

» Keybasre

8 0000 19612 00
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View the analysis config

WA - LOW RES sommanies 1050t (anahysis

s fans  Data | Ta
Lo X ;_,'
@ AN B - W =2 9
Logn  MNewwe Sgrals Calodaters Lead St
Rodon Frofie
! Sy L s 301 Frathe N P Aorotater

& Serss | 2% Cinical Notabook B On Line Sratyuis &
- | yerm Sgeam | Arr 1

Man g OF Optial

ABP
CPP

[ mmHg]

-
ice o
X Cotrraetal ny| OP%ew SR
E Cptroat’otunt un| OV 2w Mix
b=t WA sk ek u) (R PF0e WL
e
PRx —
=
"
—

elaat Peraa) *E0

PRx

- wmyteent

PbtO2

[ mmHg]
I

21200 186 00.00 18/9 1200

200 2009 0000

17/2 0000

Time scal: <4 days, 2 hours > 16092017 1220043 . 200682017 14364

fol &M XTI B - neE T

EM« \Patownt Lk frkder\ LOW RES snrmmanes 10s e
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Start the analysis

KM= - LOW RES sumnimaries 105 1) Lanshyse

logn  Mrewee | Ggnes Cakculstons Sam  load St

enes % Climical Notab ook

Man o CPP Optesg| 1CP Waveferms Hisngrans

ABP
CPP

f mmHg)

ICP

[ mmHg)

PRx

{au)

PRx

PbtO2

[ mmHag)

149 00 00 17/812:00 13/9 00 0D 189 12.00 902 00 0 91200 208 0000 JNG 1200

Tame scale: < & doys, 2 hoars > 16002017 12:3%55 - 2002017 14:3%55

G- & X - HeE )

NADeta JOM \Patiart 1\owork folde\LOW RES sarmmaties 1s.dts Ansh corhyursecn change:
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Running the calculation

]

A4 - patentl_OF. s (aalyss)

€= | Press stop to examine partial results

189 OO 18/9 1200 3 00
o scale: < & doys, 4 hoars > 160W2MT 13:4):20 - 20002017 17:43:20
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Results - CPPopt trend page

ICMe ~ pavart] 114, s8ta (anabmn)

5

» Serkes 8 Okical Notabaok

Man CFP Optimal %] ICF Wavaforms Hstograms

CPP

iCP

[mmHg] [ mmHg]

e PRx

CPP

CPPopt ¥
£ @
£

1200 /G 0000 &9 12 O &9 0000 Q49 12 00 08 0000 1002 1200 1190000 11/9 12,00 3§

T A 8250
CPP ImmHal

Median Z p
69.38 B b
Std De B 5
8.720 0 v . . . ; - . .

< 4D Q9 4750 5250 &7 5 5250 5750 25 75 E 8750 8250 97 5 125 107 5 1125 175 =10
CPP ImmHa
Time scale:. <4 days, & hours, 53 misutes > 07/09/2009 03:50:20 - 1102009 14:43:20

B & XT| @~ BasE L |

N Data JCM \Pationt 1) petient] r14 dta Precessng compdetes i
" L
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Adding variables to the chart

- B
M« - patientd 14 dua (anidyies) —
& Saries /N Clinical Motebaok ]
Man CPP Optimad ‘3 1CP Wavelorms Histogr ans
Teep T 10
t o
E &
a4
9.,
IcP JE: - '
E
— v
PRx ' Lo cati T T T T T O O T T ™
i CPP —10
CPPopt 3 Yl \
]é o LJ ‘MWL H‘ l."l |M\'Fll',.h J’ w
— ";- vt\;u._‘ " [- 'rf\'“-t'h- f
40 |
1 12 0000 9 12:00 1178 0000 119 1200
-cr'r opt 02
69.12 =
@ O
PRxopt o
-0.3341 032
04
T 0 8750 Q0 9750 05 w5 125 W75 > 120
CPP lmmHal
- =
Median &
60.38 -
Std Dey g
8.720 ,Fp:, &7 50 6150 &7 50 1280 785 B2 5 B 5 | <5 s 100 5 1125 1n7s = X
128P CPP ImmHal
TENG scabk: < 4 days, 4 hours, 5 minutes > 07992000 09.50:20 . H10V2009 14439
O &M I/ @, 2 BHBZ | T '
i i NADats IO \Patiers 1\patient] dd.cha Pracesuing comgleted ;i
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Adding ULA and LLA to the chart

KM« « patient] 114 d1a (nelys) i

v S—
-
& Seres | & Chnical Notebook !
Main CPP Optimal (%) P Wavetarms Histograms

cPP

ICP

[mmHg] [ mrnH_g.)]_

= PRx
cPP
CPPopt ¥
—— E 3
£ P
— Verical fuis
Masmum 12000 55
Mnimum 4000
CPPopt o LOBAmms
89.12 »
PRxopt g
0.3341 12 Vv K | |- X Cances

€50 87 50 ] 57 50 mzs o7 s 1125 175 = 1A

CPP [mmHal

Median E
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StdDev =
B.720

< 40 250 A7 5D 250 S R5 650 7250 77 50 %2 50 ] 2% 50 87 50 s wrs 125 175 =1X
CPP ImmHal
Tieno scabe: <4 days, 4 hows, 53 minutes >  0T/0NZ009 09:50.20 - 110972000 14:43:20

G &M T 5 - bl B TS

1 —~ = = ok
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Modify the plot type to ‘Area’

XM« patientl (14, dts Janakysic)

& Serws & Omical Notebook

Man CFP Optima w 109 Waveforms Hstograms

IcP -
W Vaitaohs

N PRx

CPP
CPPopt

CPPopt
69.12
PRxopt
-0.3341 02 .
7250 ol 825 &5 9250 17 50 1025 107 & 1125 "rs »= 120

CPP ImmHal

<D 280 A7 50 vl

Median

69.38
Std Dey 5

8.720 <4l 4250 A7 50 825 5780 8250 67 80 1250 77.50 g5

CPP ImmHal

< 4 days, 4 hours, 51 minwses > 07082008 09:50:20 - T1092005 1442:20

2450 a7 &0 m2s

7 &0 )

Time scale

[T

D &2 X < A ¥MAE F

NADwt AN \Patient D\patertd 4 dts Frecenrng comgleted
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Modify the colours

A - patieat] (14002 [analyna)

bt Date Toss

4 Senes | M Chrical Netebook

e cromes g rweers_woyes | DoUble click to edit the plot type

3 '|:il
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) v - — v v v - - - - -
8.720 < 40 4250 a70 5240 5750 5250 &7 50 7250 7TED 025 & 51 R 57 50 25 ws H2s 175 =120
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Final presentation of the limits of autoregulation trend

(the green band)

I e+ summanes 105 dts Gnalysis]

e
¥

& Series & Chnical Netabook

Mz CPP Opumat g3 1CP Wavetorms Histograms
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CPPop
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PRxop .
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explore other examples

datinnt

Patient 1 Patient 2
Presentation:

Presentation: 20 yr male,

19 year old male Motor cyclist hit by a car.

GCS7 GCS 9,

diffuse axonal injury o1 initial CT with left frontal contusions
op CT shown),

Monitoring shows goo
Monitoring features — Disturbed PBx,

Good recovery at 6 m« Patient died.

= UNIVERSITY OF
"‘s CAMBRID

f‘atz»ﬂr‘.l 3

Presentation
18 year-old female
RTA GCS 6, pupils reactive

On CT contusions with oe
Decompression after 4 da

Before

Severe disability at 6 mor

Patient 4

Presentation

25 year-old male RTA (paedestrian hit by lorry).
Both pupils reactive and GCS 3,

Initial CT: Left subdural, frontal contusions, skull fracture,

Monitoring features- ‘solid red line’ PRx, and high PbTO2 and then refractory high ICP.

Patient died.
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