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ICM+ TALK OUTLINE

@ Brief history of almost everything (related to ICM+)
® Principles of ICM+
® New developments

® Where do we go from here ?
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ICP Analyser for DOS

ICP via
Analogue
output
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ntensive are onitor - ICM

 ANNEL PARAMETERS :
UMBER OF CHANNELS:

HANN:UNITS:MIN: = MAX: " ANAL: UP: SIGN: CALC: CORR: PER:
P miHg 5B 208
Flow ul/m 1688 78 208

=
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ICM trends examples
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1980 1990 2000
®

File  Jump Signa T r  Motepad

Windows Recorder ABP mmHg m

300 Max Curs
0 Min Curs

W. Zabolotny,
Warsaw University of Technology

mmHg
E Viewer for Windows : C:\DATAREC\BILATE~11960129PJ BF2 M C
Eile Jurmp als em Transfer  Natepad ax Lurs
ARP Min Curs

mmHg

180 Max Curs
0 Min Curs

= Viewer for Windows : C:\DATAREC\HIDATA\BWAVES930503GG.FS2 - O] x|

Eile Jdump Signals T Transfer MNotepad

ABP mmHg

mmHg

Max Curs
Min Curs

Th Max Curs
65 Min Curs

cmis

Max Curs

Min Curs
mmHg

Max Curs
Min Curs

cmis

Max Curs
Min Curs
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Software for real time analysis of cerebrovascular reactivity tests

y Test, No database

CPP
ImmHal




ICM+ Timeline

1980 1990 2000
BEOIoIoloooooeoeo 00000000 opiiin o0 000000000

University of Cambridge

Warsaw University of Technology

ICM+ begins

AMP [ mmHg |
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ICM+ replaces ICM in the NCCU
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Cam bndge Enterpnse (wholly own subsidiary of Cambridge University)

takes over IP rights to ICM+ and starts offering its licenses to other clinical research centres

UNIVERSITY OF enterprise First ICM+ Installation:
CAMBRIDGE

University Clinique, Brescia, Italy

Prof. N. Latronico, Dr F. Rasulo
Cambridge Enterprise exists to help University of Cambridge inventors, innovators and entrepreneurs

make their ideas and concepts more commercially successful for the benefit of society, UK economy, the
inventors and the University.

Search this site Latest News

I GO

Quick Links:
Cont;

Group Performance

University of Cambridge
Discovery Fund
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PHILIPS

EXTENDED POLL DATA REQUEST

The next example shows a mes

ccepted if the optional p

raged data. The mes
been negotiated during the

DATA EXPORT INTERFACE
PROGRAMMING GUIDE

MP40/50/60/70/90

Paticnt Mositaring

Department of Neurology,
. EXTENDED POLL DATA RESULT
M ed |Ca.| Centre H aag Iand en 1 The Ex[end.ed Full D_.m Result message contains an additional seguence_no, which is used if the client <
The Hague, Netherland regves perdic rpl 7 ‘ ’
) » PHILIPS

Joseph T Tans
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|ICM+ Portal

UNIVERSITY OF
CAMBRIDGE Neurosurgery Unit

School of Clinical Medicine > Department of Clinical Neurosciences > Neurosurgery Unit > ICli+

M+

Brain monitoring

 AboutiCi+
« Features

* Applications

« niCP Plugin

« References

« Gefting started
« Ordering
 User Area

for neurssurgry and intensive care - - ==

User Area
Hello smielewski.p!
ICM+Main Program (version 6 4, released 2009-10-05)
Available monitor modules:
« Data Translation AID Converter for version 6 4, released 2009-03-16
« National Instrument A'D Converter for version 6 4, released 2009-03-16
« Spiegelberg monitor for version 6.4, released 2009-03-16
« Intellivue monitor for version 6.4, released 2009-03-16
» Datex-Ohmeda monitor for version 6.4, released 2009-03-16
« Raumedic Datalogger for version 6 4, released 2009-03-16
Archive

Forum

Documentation:

+ ICM+ Getting Started Manual
« ICM+ Data Analysis Configuration Guide
 ICM+Installation instructions
See Arficles and Publications on our Forum. Please contact Administrator ifyou cannot access this site.
Submita Bug Report Please contact Adminisrator if you cannot access this site.
In case of any trouble, please feel free to contact Dr Peter Smiglewski (Administrator)

Boxes - share files with other ICM+ Users.

Log Out

© Neurosurgery Unit, Department of
‘Website maintained by Dr Feter S

University of Cambridge

50 . . . .
mim ICM+, Neurosurgery Unit, University of Cambridge

2
4" Forum on ICM+ brain monitoring Advanced search

¢ Board index

E‘UUser Control Panel (0 new messages) * View your posts @FAQ @Mamhers @ Logout [ smielewski.p ]
It is currently Thu Aug 19, 2010 10:45 am was: Wed Jul 21, 2010 1:17 pm
[ Moderator Control Panel ]

View unanswered posts * View new posts » View active topics Mark forums read

TOPICS

e Public Discussions No posts

General discussions

RESTRICTED AREA LAST POST

ICM+ General Forum by wolf.s [
Forum on ICM+ brain monitoring software related issues on Sat May 16, 2009 11:37 am

ICM+ Related Articles & Publications by smielewski.p G
Relevant documentation. on Fri Mar 05, 2010 2:11 pm

ICM+ Bugs Reports No posts
If you found one, please let us know.

ICM+ Wishes & Requests No posts
Express your ideas about ICM+.

ICM+ Related Research Areas/Projects by czosnyka.m [
e this forum to dis rarious ICM+ applications and re on Wed Jan 14, 2009 11:46 am

ICM+ User's Meeting Tuebingen 2010 No po:
This is a forum to be used by the contributors of the ICM+ satellite meeting of the ICP 2010
conference in Tuebingen

WHO IS ONLINE
In total there i ol :1 1 registered, 0 hidden and 0 gue (based on users active over the past 5 minutes)
Most us was 4 on Fri Sep 19, 2008 11:21 am
d: Administratars, Glabal moderatars
STATISTICS
Total posts 8  Total topics 7 # Total members 66 * Our newest member widman.r
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The plug-in interface

The first plugin — Non-invasive ICP
by B Schmidt and R Plontke, Chemnitz, Germany

icp

Real ICP W\NW\F\N\N‘\f

honinviCP

5 0 217 21 212 - 09:39:40 09:39:42 093944
Time scale: < 33 minutes > 21.02.1997 13:09:48 - 13:42:48 Time scale: < 10seconds > 19.10.1992 09:39:35 - 09:39:46

HE Thed
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First ICM+ users’ group meeting

14 International Conference on 12.-16.9.2010
ge-  Iniracranial Pressure and Brain Monitoring ) Tvbmqen/‘}ermanv
: :W:” ). ] - t‘ e 7 ” .1 \ ’ \ § ;

ICM+ users’ club meeting

Department of Clinical Neuroscience,
Academic Neurosurgical Unit,
Addenbrooke’s Hospital,Cambridge University, United Kingdom

Sunday, September 12th; 11:00-14.00



ICM+ Principles

Data collection interfaces

Analogue Digital (Serial Interface)

—

Client/server model
Proprietary language

Coax cable

0.416 0.000 0.000
0.416 -0.000 0.000
0.403 -0.000 0.000
0.407 -0.001 -0.000
0.427 -0.000 -0.001
0.446 0.000 -0.001
0.467 0.000 -0.000
0.475 -0.001 -0.000
0.486 -0.000 -0.000
0.483 -0.000 0.000
0.486 -0.000 0.000
0.482 -0.001 -0.000
= = 0.485 -0.001 -0.001
0.529 -0.001 0.000

>
>
>

SCROLL [CAFS [NOM [Capture
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ICM+ Principles

Analogue interface

HP Merlin arquett
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ICM+ Principles

Analogue interface

HP monitor module

/

Coax cable

Name
icp
abp
fwl
fur
pto2

ADC Signal Editor

Signal calibration

Signal Name : abp
Signal Units : mmHg
ADC Device . |adc
ADC ChannelNo: 0
Channel Gain: |2
Enabled

“alid Values Range

Min Value: 0

Max Value : 300

Sampling Frequency [Hz] Enabled
Y

Channel Gai 0% = SW= Wi ax Enabled
4 \

0
4
5
6

3

Calibration
(voltage correspondence)

Advanced




ICM+ Principles

Digital Interface — network or serial (COM Port)

COM Port on a desktop PC Monitor side connectors




ICM+ Principles

Continuous ASCII data export

& Sampler Configuration Dialog

-

Device Name:

Faort
Baud rate

Diata hits

Name Start Char ;

rsozl

Stop hbits

= Stop Char : 0
Test Serial e First data field: MNone
Packet Size :

Test Packet | _ 2 S
Separator Char : -

Time Stamp:

Mone

ontrol

Test Parse Sampl Freg.: 5

Max. Inactivity [s]: 0

e | [ wfn

Parsing configuration




ICM+ Principles

Client/server interface
Proprietary data exchange protocol

ajabe modty selection

= b > =L I

Device Mame:  Phillips Device Type| |Intellivue - . Preview
Spiegelberg ~ Device : | philips -
ntellivee ]

Signal Name :  jop
Signal Units ©  mmHg

Waweform : icp

Interface type
_ COM Port: § Enabiled

Baud Rate: abled: Physiological Values Range

Min Value : g

Max Value :  qqp

Valid values range specification

ICM+ Registration Info

Detailed ICM+ License Info

ICM+ Registration Status
Registered To: peter
Institution: University of Cambridge
Registration Valid Until : 09/07/12

Registered Features
Data Acquisition And Real-time Analysis
Customisable Analysis Configuration
Raw SignalsRecording
Off-line Analysis of Raw Signals

Installed monitors

@ Installed Monitor Modules

DTOpenLayers
Simulator
Raumedic
Spiegelberg
Intellivue

Signal selection dialog

Lizt of available signals



ICM+ Principles

Data collection configuration

fotelivue

PHILIPS

[T T N

"ADC1" B "DT9803 (D0) " >
. "500"
e - ‘ 1 "500"

k7
8
&

"INVOS" = "CcoM1" "9600" D = = mn "None" "None" = "glt;CR>" il = "glt;LF>"
= nrzo21" U n1pgn
"r=o2r" Units = 1 = Mi 1 2 ] - n1go"

raumedic"”
"pto2" Un v i "ipo"

=1

"phillips" D i Por "15200" I "1p0"
= "igp" Units = "mmHg" ¥ ¥ e » lue n1ggn = nyn
"abp" L "mmHg" na0gQ" = nyn

WL R

o

R ORD R ORY R ORI MR
@

=1




ICM+ Principles

Analysis pipeline

Data acquisition

Monitors

e

ICM+

| Collected signals

Trends display

o W Bin s dhi Aotk lnsiod s dinns ) '

Real-time analysis pipeline

Virtual Signals Primary Analysis Final Analysis

= =

2




ICM+ Principles
COnfiguration example - RAP s

Input signal ICP

Virtual Signals Primary Analysis Final Analysis

Digtal Fiter Enabled
[ N
Updated [s]  Min Max

i

RAP = Correl(ICP,Amp,...

DeraukFs izl 500 | e Auto Fill ‘ Defaut Period s 100 | =) Mo Detaut Perioa [s): 600 |2

[ ok ] [Wcancel] (BB sae |[B toaa | [ aAcvances | [ ok | [Xcace] [B3 sae | [® Losd | [ Advenced | 0K ol B sae |[B Loa Advanced |




ICM+ Principles

Configuration example — Advanced mode

UPRPH L0 &8 08B 7 Font Size

<?xml wversion = "1.0"7>

<ICHMDataConfig>
<0lanConfig DARAcgPeriod = "10" InputSignals = "">

<VirtualSignals>
<VirtualSignalDef Name = "ICP" SamplFrg = "50" M 1lu "o" MaxValue = "0" Enabled = "¥" Filter = "None":>
<! [CDRTA[ icp 11>
</VirtualSignalDef>
</WVirtualSignals>

1
2
3
4
=]
a6
7
8

<PrimaryAnalysis>
<ParameterDef Name = "ICP" CalcPeriod "10" UpdatePeriod "ig" M u MaxValue "0" Enabled "y
<! [CDATA[ Mean( ICE } ]]>
«</ParameterDef>
<ParameterDef HName = "Amp" CalcPeriod = "10" UpdatePeriod nign I 1 MaxValue "0" Enabled "yn
<! [CDATA[ FundAmp( ICP,' 'BPM&LWR=40&UFPR=180" ) 11>
</ParameterDef:>
</PrimaryAnalvysis>
<FinalAnalysis>
<ParameterDef Name = "RAP" Description = "" Units = "" CalcPeriod = "300" UpdatePeriod = "10" MinValu "0" MaxValue = "0" Enabled = "¥">
<1 [CDATA[ Correl( ICP,Amp, 'MDLIM=50' )} ]]>
</ParameterDel>
</FinalAnalysia>

</0lanConfig>
</ICMDataConfig:>

o | [ X cancel |




ICM+ Principles

150

Time Js]

&
=
g

©
=

=

abp 1

Phase [deg]

100 120 140 16O 1
Time [s]

abp 1

Transfer

Frequency [Hz] abp [l

Time scale: <5 minutes> 24/07/2007 19:34: Time scale: < 1 hours, 21 minutes > 46 - 04 < 1 hours, 47 minutes, 16 seconds >  24/07/2007 16:35:42 - 18:22:58
3 & >
I | | y ] - -




ICM+ Principles

Data display - configuration

Home Charts Data
[ -
LT i =1
Add Add Edit  Advanced Clear Auto Auto
Page  Panel Layou Editor ayout Layout1 Layout
Charts Layout.
3} Clinical Notsbook

Neurotrend

ngn 3 ! 50"
nIepn "16777215" nArean

ik Trend Chart
~ Ra
4 -J Trend Chart
Lo truelcp
4 ik Trend Chart
Lopv HR ; e resp

4 -Ji Trend Chart {~~ RespRate

"ao =
nepp" ng5535" nArea" T

L "25.11"
4 -Ji Trend Chart 2 y nyn n-1n

”IU’"’M"I‘,’ wf""ﬂ"w"‘ e ,7 = "65408" "Area" P

liz Errorbar:
|uly Histogram: CPP
[ Pag
4 -[T] Panel
~|uly Histogram: IC
4 -[ Neurotrend
4 -[T] Panel
4 Jik Trend Chart
)

G oaow

o

1 "days">
"20.05">
Al ngn "NT
"65535" 1 "Area”

WOw W WW W WW W

[rog ]

New Trend Chart ; 3

New Risk Chart ] I "20.05"

New Scatter Ple . s e ! [ ”Areaf;:
(1T {10 10 O WA R i 1ty i

/1070 3/10/04 4/10/04 5/10/04 6/10/04 1 "20.05"
Time scal < 6 days, 18 hours, 29 minutes >  30/09/2004 16:55:47 - 07/10/2004 11:25:46 €& <Ch 1 &

Mew Error Bar Chart

Mew Spectrum 12 = "200]
Mew Cross Spectrum Chart "Area" P

e T]OE-& -




ICM+ Principles

Intervention tests analysis

Transient Hyperaemic Response Test

Ingort
Dt Arsheis

Teat|

MCA blood flow velocity (FV) [cmis]
T puiod selckins

MCA blood flow velocity (FV) [emls]

ine.
v CO2 Challenge
+ Regression

[au]

FVX_Mean,

V baseline (cm/s]
)2 baseline (kPo)

Endtidal CO2 [kPa]

[au]

ETCO2_Max

THRT| 2THAT| ATHAT SCuf T
Intracranial Pressurs (ICP} [mmHg]
B

+ Tron

¢ Plateau

MCA blood flow velocity (FV) [emis]

ICP [mmHg ]

Cul Tost Rosulte
Arterial blood pri ssure (ABP) [nmHg]

Saling infusion
period

Critical pressure
limit




ICM+ New features

Signals calculator

Trend extraction using polynomial fit

38 Expression Par: EEE !

Signal Mame: icp_poly Signal Units: Save As Snippet
Description:
E sions:

DolyFitiicp, 21

Polyfit(icp,21)

Constants Operators
Functions Custom Functions

+

icp_poly
|

. .‘n : I, I ki

olyFit{Signal,PolyOrder): Fits a polynomial of specified order to the data

L]

‘H‘

5/10 15:45 5/10 15:50 &/ 55 5/10 16:00

R
0
o
=
m

Time scale: < 31 minutes, 19 seconds >  05/10/1392 15:31:35 - 16:02:54




ICM+ New features

Signals calculator

Trend removal using polynomial fit

Expression Par:

Signal Name: icp_pd Signal Units: Save As Snippet
f| Description:

Exp
cp — PolyFitiic

Icp — Polyfit(icp,21)

Constants Operators
Functions Custom Functions

icp_pd
icp_poly

|-‘-‘

5/10 15:40 510 15:45 5f 5.5 5/ 55 5/10 16:00
Time scale: < 31 minutes, 19 seconds >  05/10/1992 15:31:35 - 16:02:

S| T| B-a- o mE| T



ICM+ New features

Signals calculator

Trend removal using differentiation
(can be used in real time analysis)

Data

al Notehook

@8 Expression Parser

Signal Mame: icpd Signal Units:

Description:

x = Filter(icp, Type=FIR:LowPass&TrnBW=0.05:0.1 ...");
Differentiate(x);

Constants Operators
Functions Custom Functions

| +

L]

|-‘h‘

5/10 16:00

B s | 85 -a- |0 5




DAP Filter Desigh  r=rer—=

ICM+ New features s

iy

Filter type

| Design Method

[Parks seclellan -

New calculation engine o

60.00

Transition Bands [He]

Virtual Signals’ with DSP support

1 2 3 4 Frequency 12 13 14 15 16
Exit Filter Taps Step Response Use [Beats/mn] | GroupDelay [|  LogScale

' €83 Virtual Signal Definition _ EE -

Name : Valid range for values
icpf tin value 0 = MaxWalug0 Enabled

Virtual Si
Formula: —

Filter{icp, Type =FIR:LowPass&TrnBW =0, 2:0, 5&Ripple=0.001") LowPass
hlame . Design Method

ABP Constants Operators g Btk MeClekn b

ICP Variables: Functions Custom Functions Passband Ripple

abp DelayFilter(,) Stopband Attenuation |

icp Cifferentiate()
o

=] Transition Bands [Hz]

IfPresentl,, Filter(Signal, Specs): Digital filter
IR,
Intearate)
MedianFilter(,)
MovingAvgFilter(,)
Ones()

Sampling £ ) PSAddTest(,)
ampling frequency conversion ReplaceNANzVEl()
Sampling Frg [Hz] : I Sampleldx()

Zeros()

I 0.001

= -
280 |- 60

Use Decmating Filter

[ " 0K l [xCanceIl

[ Modi-['yl f+ &ddﬂ l— gemel [3_;@_ Cl»ea[] [ Auto Fill ] Default Fs [Hz]: 320 %

@ Ok | [ cancel| [BY save ||B Load | | i Awvanced | | = I : :-: 1

012 3 456 7 8 9 10111213 14 15 16 17 18 19 20 21 22




ICM+ New features

New calculation engine

‘summary functions’ with advanced options support

. Primary Analysis ral

Calculation Window Specification Valid values range
Hame :

COH_ap Calculation Period : 300 s Max Value 0
i . Function options
Enabled Update Period : 10 E Min Value 0

Function: Coherence

Formula
Coherence( ICP,ABP,'LWR=0.04%UPR=0.158 SWLEN=1T") Freguency in [1/min]

I * Insert Function l Series 1: Lower frequency limit
abs Function : Options: Sernes 2.
= (I [BPM Frequency in [1/min] {¥/M) -
Carrel LWR Lower frequency limit | Zero padding
CSPower UFR. Upper frequency limit
Diast ZPAD Zero padding (0 - 128)
Filter WHND Data window (RECT,HANN,HAMM,BART,BLACK, KAIS, CHEE, EXF) Mumber of segments to average 1
FundAmp AVG Mumber of segments to average (1 - 1000)
Fur.ldFrq OVRLP Segments overlap [%] (0 - 90) Segments overlap [%] o

Gain SWLEN Spectrum Smoothing i Spectrum Smoaothing 1;.'1

Function dESCriptiDn: CLAMRINY i ey arn VAt s v, FOVSPT LI ARIED LIARARA CADT D1 ACL LFATE SLICD O

I

Upper frequency limit

o8] (e [H

Data window Hamming

1

HB[EH
D0

B EE E
EEEHDE

M| W

L]

Function calculates coherence within given frequency range using cross spectral analysis and reports jf||  SPectrum Window type [Bartett
mean value or returns frequency of the max value_ It can also return value at thel point of maximum Modulus squared
cross-spectrum amplitude. Use zero padding to increase frequency resolution, if needed

Dutput Type ’Mean

[ W OK ] lx::ancel]

[J 0K l ’x Canoel]




ICM+ New features

Analysis options

Jennifer Diedler’s talk:
‘Dealing with artefacts

Phil Lewis’ talk:

‘Time series and batch data analysis’

Default zampling frequency [Hz]:
Default data analysis period [zec]:

lgnore Manual Artefacts Descriptor Files
Automatic artefacts treatment
() Disabled - the Min/Max analysis attributes will be ignored
@ Remowve individual invalid (MAN) values
i) Treat the whole period containing MAN values as inwvalid

[rata gaps treatment

I Always reset calculation engine
@ Reset only if the data gap exceeds the analysis period
©) Reset only if the data gap exceeds specified length

i7) Mever reset the calculation engine

Allow incomplete data buffer

Missing signals treatment
List of input signal aliases (use °" as separator,eg "fv, fvx' })




ICM+ New features
Data gaps treatment

Data start Data gap

1217 44 12 17.48

Tima scale, 9 soconds > DV122004 174155 - 18.02:04

<20 minute

Reset only if the data gap exceeds specified length

MNever reset the calculation engine

Allow incomplete data buffer

Data gaps treatment
Always reset calculation engine
Reset only if the data gap exceeds the analysis period
t only if the data gap

r reset the lation engine

s specified length

Allow incomplete data buffer

Data gaps treatment
Always reset calculation engine
Reset only if the data gap exceeds the analysis period

Reset only if the data gap exceeds specified length

MNever reset the calculation engine




ICM+ New features

Plug-in system

| Nam Calculation Window Specification
pton COH_ap Calculation Period

Exp Enabled Update Period
Formuls
Coherence( ICPABP,1

4 insert Function

Variables
2bp
Am
h

3
icp_poly

) - 14:20:03




ICM+ New features

Plug-in system
Plug-in registration (author’s led)
Plug-ins’ location in the file system L___aid party Phugins
[

DSPHydraplugint
Registered (valid for 10 day

Registered Features
Data Acquisition And Real-time Analysis
Customisable &naly Configuration
Ra Summary Statistics Functions

Organize « Share with + Burn ) older

HydraStatsFunLibTest Stats Hydra g

Documents lib...
f = Registered{valid for 10 da

fu

4. Downloads

MName

" DLL Stats Test Plugin This is asimple stat:

15 Recent Places Reqgistered{valid for20 days)

statstestplg.dll
HydraFunTest.dll
il

E Installed Moniter Modules .l;_l, 3rd Party Plugins
DTOpenLayers _—

Simulataor Plugins Details
Raumedic

Plugin
Plugin auth:

Author Email:

4 | Plugins

ive Intracranial Pressure Flugin

i charts artment of Neurclogy

. functions
| tools

3 iterr




ICM+ New features

Text import configuration

2LlEp 1. ogleCh and modity rie rormat dcrinition
ascformat. xml TGeneraI |

birmingham_format. xml
Cosbid_shp_flux_s.xml Define general properties of the file format for the parser
Cosbid_abp_icp_fius, sml
Cosbid_abp_icp_flux_20hz.xml Format File Name: ~ emmanuel2.umi
csvformat. xml
datalogger. xml
emmanuel.xml
emmanuel 2. xml
freibura_dat_format.xml Date Separator Date Format Time Format
freiburg_dat_format_gen. xml / - ddfmmfyyyy hhemmess
freiburg_dat_format2. xml
heidelberg. xml Format description
heidelberg. xmll. sl
labchart. seml
leipzig_format. xml

Definition files location

Data Start Index Decimal Char Invalid Value
3 =
1C3]

earch txifilters

Organize * Share with = Burn

Bl Desktop - Docu

i Arrange by:  Folder ~
4. Downloads tetfilters -

L
J<| Recent Places

| heidelberg.xml
o Libraries = heidelbergxmllxml
| Documents 2| moberg.xml
| My Documents = tsvformat.xml
| Public Docurnents 2] esvformat.aml
| AV_Soft 2] labchart.xml File content
) ICM+ | aseformat.aeml

DODODDDOoDDDDO000D0

[ ]

Digitalisation

Time CG res. .1 5ab2 X

.000 .330 . .381 .41€ -0.001 -0.000
.005 .137 . . .405 -0.001 0.000
.010 .111 . . .384 -0.000 0.000
.015 .062 . . .413 0.000 0.000
.020 .031 . .381 . 3587 0.000 -0.001
.025 .018 . . .376 0.000 -0.000
.030 L0086 . . . 400 -0.000 0.000
.035 0.014 0.415 0.000 0.000

J Plugins = emmanuelxml
J reginfo 2| datalogger.xml
J sysconfig =) emmanuel2.xml
. betfilters =] raumedic_pavia.xml
J LogiShrd = single_data_colxml
/ microsoft | Sophysaxml
. RAD Studio =] Cosbid_abp_flux_sxml
. RemObjects ~ ([ T

23 items State: B Shared

[V I S I N VR Y O LS B

00000000

=]
[5:)

] l X cancel ]




ICM+ New features

Text Import configuration - sampling frequency parsing

[ €8 Text File Import EE

Regular Expression
ascforma al [Sampling Period|, _ The following special characters

birmingham_forma: b e
! L _ . s e _ match:
Cosbid_abp_flux_s.x Define how to extract sampling period/frequency if present

bp_ i ] . any character
Cosbid_abp_icp_f ¥ Include in the parsing definition “w an alphanumeric character

csvform _ ) "W a non-alphanumeric
L Units Default Frequency [Hz]
datalog character

I— ) Period @ Frequency 100,00 = . .
cmmenue = \s awhitespace character

urg_dat_format. xml Subexpression . an'_-,-.'thing EUT a 'u'l.rhitESpEICE.
iburg_dat_format_gen.xm higtaisatonis=0d+\ e |1 = ."'-g a digit e
WWa non-digr
Multiplier [...] any listed character.
Loo = [*..] any character except listed.
b aword boundary.
the beginning of a line,
§ theend of a line,
+ the preceding element one or
rnore times,
! the preceding element zero or
one tirmes,
the preceding elernent zero or
rore tirmes,

In addition:

{J Groups into sub-expressions
| Separates alternate
possibilities

| Fnsn |




ICM+ New features

Text Import configuration - variable names parsing

€83 Text File Import

Variables | .
Define how to extract variables list if present in the header

¥ Include in the parsing definition

List Separator :

ction pattern

Units list definition
Row Ind tarts With (regular expression) ... Units extraction pattern
-1

Dop.1 Dop

[ T T T e I

[=]

. 030

uan

.035




ICM+ New features

Text Import configuration - data records parsing

ascformat. xml

birmingham_forma
Cosbid_abp_flux_s.x Define how to parse individual data records
Cosbid_sbp_i

Values Separator

Milisec, Var Name

number

number




ICM+ New features

Text Import configuration - preview and signals selection

File Import

parser p

Time ECG[200 Sa02
30/12/1899 0.33 415 0,001
30/12/1899 -0.197 -0.001
30/12/1899 -0.111

30/12/1899 0.0

30/12/1899

30/12/1899

30/12/1899 -0.008

30/12/1899 0.014

30/12/1899 0.011

30/12/1899 0.013

30/12/1899

30/12/1899

30/12/1899

30/12/1899

30/12/1899 . 427 -0.001
30/12/1899 ' (408 4 -0.001
30/12/1899

30/12/1899

30/12/1899

30/12/1899

[ o Finish
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Where do we go from here?

There are many promising methods of data analysis and display
available for intensive care and more are being invented.

Most of the methods do not see wider clinical application,
usually the clinical studies presented are more of a proof of
concept

This is mostly because, at the moment, they require specialised
software and/or engineering support, not widely available in
clinical centres.

Industry support is essential to incorporate new methods into
general clinical practice. However this normally requires large
scale studies/clinical trials to justify new investments and ensure
medical governing body approval.

Interim/hybrid solutions of integrating research orientated data
analysis solutions into standard clinical monitoring might be a
way of facilitating transfer of new technologies into industry
supported medical practice.



Where do we go from here?

Steadily growing community
critical mass for multicentre collaborations?
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Where do we go from here?

Data exchange

Boxes ( \i/ N

(@) ICM+ Software for Brai
file Edit View History Bookmarks Split Tools Help

& (O @ (W nttp://www.neurosurg.cam.ac.uk/icmplus/user/boxes.php igencies »

[ home | search |_a.z | help ]
UNIVERSITY OF

CAMBRIDGE

Clinical Medicine )epartment of Clinical Neuroscienc leurosurgery Unit

nit

ing
for neurosurgery and intensive care

About User Area
Features

Applications Hello smielewski.p and welcome to Boxes!
N

Getting started
Ordering

ess to particular box.
User Area

List of Boxes

Name Description Owner Institution
Project1 xample project data smielewski.p Addenbrookes Hospital, Cambridge

Presentation asdas carrerae  Addenbrookes Hospital, Cambridge

Hogue_adult CPB_data Data from adult cardiopulmonary bypass study at Johns Hopkins Hospital brady k Johns Hopkins Hospital, Pediatric ICU, Baltimore
conducted by Dr. Charles Hogue

Beta_Versions Beta versions of the ICM+ program and its modules smielewski.p Addenbrookes Hospital, Cambridge
ICP_data_for_entropy_analysis + raw data- long series of ICP and ABP czosnyka.m Addenbrookes Hospital. Cambridge
ICM__Files Analysed data for sharing lewis.p Alired Hospital, Neurosurgery Dept, Melbourn

REG_data 9 piglet experiments of lowering of ABP past the LLA_ ICP, laser Doppler. NIRS  brady k Johns Hopkins Hospital, Pediatric ICU, Baltimore
at onl nd REG were measured. In these experiments, REG is
impedance across 19mm of frontal and parietal brain measured with a
wheatstone bridge using electrodes implanted to a 4mm depth in the piglet
brain
Sample_Data 5 lection of data samples to be used for exploring some of the ICM+  smielewski_p Addenbrookes Hospital, Cambridge
onality

X Find: tuebin P s & Highlightall [] Match

Done




Where do we go from here?

Expansion of available methods
o Artefacts detection/treatment

» Systemic variability measures (heart rate,
respiration rate, pulse amplitude etc)

* Pulse morphology
* Time series complexity measure (chaos theory)

These will be done either as internal implementations or,
preferably, as 3 ‘plug-in’ solutions



Where do we go from here?
Role of ICM+ In the future ICU

ICM+ a research tool and it will remain so, but better integration with
clinical systems is needed.

Database Server Clinical Terminal

ICM+

Research application: Clinical application:
laptops carried around Integration with Clinical Data
where needed Management systems



Where do we go from here?

Integration with other, clinically approved, data acquisition systems

Example: CNS Technology, by Moberg Research Inc

CNS TECHNOLOGY, LLC
INNOVATIONS IN NEI

ICM+



Where do we go from here?

Remote access to ICM+ monitoring

l l Network




Where do we go from here?

Data visualisation improvements

Home  Charts

cLamwem®
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Where do we go from here?

Imaging time series

Neurstrend | Page s k3

Time scale:

6/12/04

< 6days > 03/12/2004 11:54:45 - 09/12/2004 11:54:4




Where do we go from here?

Other pending tasks

Extended data import - synchronising data from multiple
sources based on series re-sampling

Increasing number of signals to acquire and store in raw format:
NEW RAW DATA FORMAT required

DOCUMENTATION

New digital interface devices support — ongoing task
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USERS’ OWN EXPERIENCE WITH ICM+

® Ken Brady, MD: Laboratory vs. clinical uses of ICM+
® Christian Zweifel, MD: Multimodal signal acquisition and data processing using ICM+
® Kristian Aquilina, MD: Assessment of CSF dynamics in hydrocephalus

® Christina Haubrich, MD, PhD: ICM+ and the blood pressure - flow velocity relationship

® Magdalena Kasprowicz, PhD: How can we create and analyze new signals using ICM+?

® Jennifer Diedler, MD: Dealing with artefacts
® Phil Lewis , BSc: Time series and batch data analysis with ICM+
® Martin Soehle, MD: Options and pitfalls when using ICM+ for collecting data from

Philips Intellivue- and Hemedex CBF-monitors
® Bernhard Schmidt, PhD: How to use plug-in for non-invasive ICP
® Martin Schuhmann MD, PhD:  Overnight ICP monitoring

® Luzius Steiner MD, PhD: Intraoperative non-invasive monitoring of cerebral perfusion

All presentations will be available on http:\\www.neurosurg.cam.ac.uk\icmplus



