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Need for a solution like ICM+

» Push for individualised ICU treatment targets (personalised medicine)
= CPP, ICP

» Growing understanding of importance of high res data collection
= ‘Undersampling’ of the medical record systems
= Analysis like: HRV, BRS, CrCP, ICP pulse morphology, Non-invasive ICP and Cerebral Autoregulation
requiring high fidelity waveform recording

» Lack of standards of data export from bed-side monitors, no unifying solution available

> Increase interest in multimodal clinical research

= 215 publications on PubMed (180 over the last 10 years)
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Need for a solution like ICM+

» Push for individualised ICU treatment targets (personalised medicine)
= CPP, ICP

» Growing understanding of importance of high res data collection
= ‘Undersampling’ of the medical record systems
= Analysis like: HRV, BRS, CrCP, ICP pulse morphology, Non-invasive ICP and Cerebral Autoregulation
requiring high fidelity waveform recording

» Lack of standards of data export from bed-side monitors, no unifying solution available

> Increase interest in multimodal clinical research

= 215 publications on PubMed (180 over the last 10 years)

» Multicentre multimodality data collection projects
= eg CENTER-TBI, TRACK-TBI, ADAPT
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How did we get here ?

Warsaw 1982




How did we get here ?

Clinical trials
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? Changes lives forever
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ICM+ Users’ group meetings

2nd ICM+

users’ meeting 15th International Conference on Intracranial

- . Pressure & Brain Monitoring (ICP)
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ICM+ powered workshops
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A dedicated ICM+ Workshop, September 2018




A dedicated ICM+ Workshop, September 2018

USER TESTIMONIES

‘Congrats on a great conference! We really enjoyed our time in Cambridge and learned a lot. *
Dr Charles Brown, John Hopkins, USA

‘.. thank you for the great workshop this week in Cambridge, learned a lot!
Dr Uud van Kaam, Radboud University medical center, the Netherlands

‘Thanks again for the course: very pleasant and certainly useful for me.’
Prof Bart Depreitere, Leuven University Hospital, Belgium

‘Big congratulations for this well-organized workshop, very interesting and very ambitioned and very
instructive!!!'

Dr Bernhard Schmidt, Chemnitz Medical Centre, Germany

Thanks again for the organization of the workshop, it was exactly what we needed in order to improve
our use of the software and all the discussions that we could have with the other users were very
invaluable for our next researchs.’

Dr Nicolas Joram, Nantes Cedex

‘I am more than satisfied by unique ICM+ event.’
Prof Arminas Ragauskas, Kaunas University, Lithuenia

‘The workshop was fantastic -- thank you again for inviting me’
Dr Jennifer Lee, Johns Hopkins, USA

‘Congratulations on the successful ICM+ workshop. | really enjoyed learning about how to exploit it
better.’
Dr Hari Krishnan, Birmingham Children's Hospital, UK

‘I really wanted thank you for an excellent ICM+ workshop last week. | really learned a lot and have a
great deal | can bring my back to my institution. | look forward to using ICM+ in more robust ways at
Phoenix Children's Hospital to delivery better neurocritical care at my hospital.’

Dr Brian Appavu, Phoenix Children's Hospital, Philadelphia

‘Still enjoying the taste of the workshop, | had a great time in absolutely every way. Congratulations again
Erta and Peter!”
Dr Nico De Riva, Hospital Clinic of Barcelona

‘Thank you for putting together the ICM+ workshop. It was excellent.’
Dr Nils Petersen, Yale University School of Medicine.’

Thank you for the excellent workshop at Homerton College!
Marc Baroncini, MD PhD, Neurosurgery, Lille University Hospital, France
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So what 1s ICM+ ?

Annotations &

Clinical Trials MMM data acquisition

Off-line data analysis Other tools: Matlab,
explorations C-Code, Python

Archiving
Single and Multi-centre

ICM+ Analysis
Configuration

Batch analysis and Real time application at
statistical validation the bed side
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So what is ICM+ ?

Its a thriving and growing community
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ICM+ Impact

ICM+ Installations map (Sept 2019) Key facts
NoRTHAMERE _e ey — e T v" Many 1000s of high resolution datasets from TBI, SAH, NPH and
St he alVERe < @) = : [ ¢ 1200 interoperative monitoring distributed across centres

4 Bl F5CH Y N5 ', | PR v' Over 300 ICM+ based publications on PubMed
v" Prx, Optimal CPP, RAP, Closing Diastolic Margins and more
v' Multicentre data collection projects

e CENTER-TBI (22 centres using ICM+ as a data collection platform, 256
patients collected)

e Cerebral Oxygenation Monitoring during Cardiac Surgery
(Multicentre, randomised trial, over 600 participants)

e  Optimal CPP projects (ICM+ core users group)
e COGITATE CPPopt feasibility and safety Phase Il randomised trial

e STARSHIP - autoregulation monitoring in Paediatric TBI (10 UK centres)

Al

e  PANGEA — multicentre neuroprotective drug trial by Pressura-Neuro

e  Continually growing network of like-minded friends in research!
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What are the typical uses of ICM+ ?  For clinicians

» CSF dynamics investigations
» Monitoring of cerebral autoregulation in TBI (PRx)

emerging - autoregulation guided management of CPP

» Monitoring of cerebrovascular properties (TCD) — including cerebral autoregulation but
also critical closing pressure, non-invasive estimation of CPP and ICP
» Intraoperative monitoring of autoregulation (NIRS) — guided management of ABP

» Emerging — autonomic system monitoring
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» Integrated high resolution data collection

» Multicentre data collection — emerging intervention trial assistants
» Data browsing and extraction using basic stats tools

» Analysis or raw data using simply time based correlation concepts

or dedicated functions, like Heart Rate Variability
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So what are the typical uses of ICM+ ?  For clinical researchers

» Integrated high resolution data collection

» Multicentre data collection — emerging intervention trial assistants

» Data browsing and extraction using basic stats tools

» Analysis or raw data using simply time based correlation concepts
or dedicated functions, like Heart Rate Variability

» Processed trends data export to csv for further processing in Excel

or Matlab

RS,
9

B r'/ >
" h e
oy - IR H - - d U m
Bt fany 2 ¥
it @




ICM+ data collection

Software Configuration

F ki

Digital output devices | Analogue output devices | RS232 ASCI streaming devices |
Configured devices with proprietary digital output protocols
Name Type Port Baud ... SamplFrg Enabled
DatexS5 DatexS5 COmM1 18200 300 Y
Primus Primus comz 9500 1 A4
INWOS INVOS COM3 9600 1 Y
[#9) moarry| [+ ada | [ — pewete| | % clear |

Configured modalities to be collected

Name Units Device Waveform MinV.. Max.. Enabled
abp mmHg Datex55 INVPA1 0 200 Y

ecy mmHg DatexS5 ECG1 =100 100 Y
Temp Grad DatexS5 Temp1 0 50 Y
Sp02 % DatexS5 Sp02 o 300 Y
EtCO2 mmHg Primus EtCOZmmHg 0 100 Y
EtO2 % Primus EtO2 o 100 Y
PEEP cmH20 Primus PEEP 0 20 Y

MV mil Primus WM o 20 Y
rs02l % INVOS rs0z2l 0 100 Y

i rs02r Yo INVOS rsoz2r o 100 Y

(29 moarty| |+ ada | | — pewete| | clear |

[\/ oK ] lx Cancel ] l Save I l Load I l k4 Advanced ] [ 5 Keyboard




ICU monitoring devices and their modes of data export

Classic serial port on GE Datex-Ohmeda monitor

Analogue interface
on Spacelab monitor

D eeeee

Compliance

Sjv02

T~

Network connector
On Benevision monitors




ICU monitoring devices and their modes of data export

LDF Microdialysis
— FV Classic serial port on GE Datex-Ohmeda monitor

Analogue interface
on Spacelab monitor

RJ45 serial connector on Philips

MIB/RS232 port

T M ; Compliance

At Brain Physics Lab , Cambridge, UK, we ..o
have experience with data collection from
over 50 medical devices — there are no
two with the same specification for data
R U export (hardware and software) !




Data collection: supported monitors (Sept 2019)

ASPECT BIS monitor, A2000 & Vista
CMA Microdialysis monitor

CNAP non-invasive ABP monitor
Data Translation A/D Converter
Delica TCD

Draeger Medibus module

Draeger MedibusX Module
Draeger WinAccess Module

DWL TCD monitors

Edwards Vigileo monitor

Foresight CASMED NIRS monitor
Finapress non-invasive ABP monitor
GE Carescape monitor

GE Dash monitors

GE Datex-Ohmda monitor

GE Solar monitors

Hemedex CBF monitor
Hamamatsu NIRO monitors
ICON Cardiac Output monitors
Integra Camino ICP monitor
Integra Licox 2 PbtO2 monitor
Integra Licox PbtO2 monitor
Integra Cere-Link

IntelliVue MP and MX monitors
Neural Analytics Lucid TCD

Maquet Servo-i ventilator

Masimo Root/Radical monitors
Medtronic INVOS NIRS monitor
Mennen monitor

Mindray Benevision monitors
Moberg CNS Monitor

Nexfin non-invasive ABP monitor
Nonin RespSense monitor
Nonin SenSmart monitor
Oridion Capnostream monitor
Ornim CerOx monitor

PiCCO2 monitor

Portalite NIRS

Puritan Bennett 840 Ventilator
Raumedic Datalogger monitors
Rimmed TCD monitor
Spacelab Ultraview monitor
Sophysa Pressio ICP monitor
Sophysa Pressio 2 ICP monitor
Spencer TCD monitor

Spiegelberg monitor

Any monitor with an analogue
output




The true essense of ICM+ : the real time calculation engine

i ™

-~ : Virtual Signals || Primary Analysis | Secondary Analysis 1 | Secondary Analysis 2 | Finalhnahrsis|

= u Mame Formula Sampling Frg Win Max Digttal Fitter Enabled
ABP abp 250 0 300 Mone Y
ICP icp 250 =30 100 Mone Y
ECG BCq 250 0 0 Mone Y
Sp02 spod 1 0 0 Mone Y
Temp temp 1 0 0 Mone Y
ETCO2 etco2 1 0 0 Hone Y

| |
MMJ.M I J@L‘LMHU JJ'JL-UJ, J| MA Amplﬁrlu,luﬂJlJIJJLJJl JJ'JU‘ I M I JJ.MJ I jJJJd“lul | Il m JH'u'LMMJ'['*U' | |

| ﬂodify| | + Add | ‘ - gebete| |3‘sﬂ Cbea[‘ | Auto Fill | Defaut Fs[Hz:  250.0 |5

14:09:10 14:09:20 14:09:30 14:09:40
Time scale: < 48 seconds >  01/01/1970 14:09:00 - 14:09:47

Save H Load | ‘ [ Advanced ‘ £ Keyboard

[/ OK l |x Eancel|




Calculation pipeline allows putting together complex analysis in a simple way

& Series &) Clinical Notebook

r@ On Line Analysis Configuration D_ | | 1 _ltﬂ.am a Addwtnon:\bu ICP Waves CPP opt Histograms Dual ICP HRY
- ] ABP 140
| virtual Signals | Primary Analysis | Secondary Analysis 1 | Secondary Analysis 2 - Final Analysis | PP 150
L ] 100
Data Acquisition Period [s]: 0.0 % [ Adjust Cale. Period ] 3 30
60
40
Name Formula Units Calc. Windo... Updated [z] Min Max En. 20
slow sqriiPower( ICP,BPMELWR=0.38UPR=3" }} mmHg 600 60 0 0 N 48
IcP Mean( ICP ) mmHg 80 80 0 0 ¥ ICP 30
CPP Mean( CPP ) mmHg 60 60 0 0 N fg
ABP Mean{ ABP } mmHg 60 60 0 0 N
AMP Mean( AMP } mmHg 60 60 0 0 N PRx
RA Mean{ RA } mmHg &0 &0 0 0 i
HR Mean{ HR } 1m 60 60 0 0 ¥
RR Mean{ RR } 1m 60 60 0 0 ¥ PRxX
RAP Correll AMP,ICP,MDLIM=50" } au 300 80 -1 1 ¥ 541800 542000 542200 640000 640200 640400 640600 640300 6410
PR Correl{ ABP ICP"MDLIM=50") au 300 80 -1 1 Y Time scale: < 17 hours, 6 minutes, 2 seconds >  05/04/2015 17:00:28 - 06/04/2015 10:06:30
sABP Mean( SABP ) mmHg 60 60 0 0 N
dABP MEEI'I[ dABP } rrImHg 5|:| 50 u U ‘r’ Main Additional ICP Waves CPP opt Histograms Dual ICP HRV a
ICPmax Mean( ICPmax } mmHg &80 &0 0 0 Y HR 80
ICPHmin Mean( ICPmin ) mmHg 80 80 0 0 ¥ E ;8
ppABP Mean(ppABP) mmHg &80 &0 0 0 Y 50
LHFRatio Mean({LHFRatio) 80 80 0 0 ¥ 40
HRrmzsd Mean{HRrmssd) ms &0 &0 0 0 b : HRsd 2
HRsd Mean(HRsd) 1m &0 0 0 0 Y El
Sp02 Mean(Sp0z2) o 60 60 0 0 ¥ = o
Temp Mean(Temp) Grad &0 &0 0 0 i 48'
ETCOZ Mean(ETCO2) mmHg &0 0 0 0 Y HRrmssd
PBtOZ Mean(Pbt02) 60 60 0 0 ¥ E 304
104
[ Hodiiyl ’ + Add ] ’ — erete] [ % Clear I ’ Auto Fill I Default Period [s]: 60.0 (35 .
LHFRatio = 40
A
0
l\/ OK ] l X Cancel ] l Save ] l Load ] l kR Advanced l l &7 Keyboard o 1Tzin?.[aj scale: <2 days, 1 hfi,og ?n?nules> 05/04/2015 o?:f;lz:lg .002104;2015 09:16:02 e

i ) ' g
I e ! LM
*J‘;‘“?; it A 3 . : - L = [} J’L':fw J\‘NN V\/\ VL
;:x . . s -4




The more established secondary indices based on waveforms analysis

Cerebral Autoregulation

@ @ Optimal Arterial And
Cerebral Perfusion
D® ®

/@/> CPPopt
/@ﬁ ABPopt

( :) - RAP
\@\ Brain
Compliance

Complexity of
Homeostatic Regulation

Non-invasive ICP

Arterial walls Ci
properties Ca
N i Cerebrovascular AR
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Monitoring of cerebral autoregulation in TBI
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Monitoring cerebral autoregulation is easily disturbed in TBI

CBF

Really bad
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Monitoring cerebral autoregulation is easily disturbed in TBI

Really bad
* “Minor head injury”: 28% impaired
Junger EC et al.: ) Neurosurg 1997;86:425-32 A /
» “Severe head injury”: 87% impaired D
Hlatky R et al.: ) Neurosurg 2002;97:1054-61 Ischaemia

é )
Hyperaemia

/Bad
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Monitoring cerebral autoregulation is easily disturbed in TBI

* “Minor head injury”: 28% impaired
Junger EC et al.: ) Neurosurg 1997;86:425-32 A

 “Severe head injury”: 87% impaired CBF
Hlatky R et al.: ) Neurosurg 2002;97:1054-61

e Upper limit shifted to the left

Hauerberg J, et al. J Neurosurg Anesthesiol
1998;10(2):106-12

CBF

e Lower limit shifted to the right
Cremer OL, et al. Anesth Analg 2004;99(4):1211-7

50 100 150 CPP




Pressure reactivity index PRXx

Good pressure reactivity Poor pressure reactivity
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Pressure reactivity index PRXx

Good press—= comatiibu Hesrnracones """CtiVity

PRx publications by year (total 152)
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PRx and the IMPACT model — CENTER-TBI data (N=185, 22 centres)

IMPACT model *  *#
Age,
GCS Motor, £°]

pupillary response * s -

* Model for outcome
prediction based on
parsimony, N = 10,000

08

06

0

02

a0

C
IMPACT model
+ICP i
+ % (PRx > 0.25) :
Thanks to Fred Zeiler D
R 0

B (=]
§ 3
AUC=0.713 o AUC=0.761
1I0 OIS DIO ilﬂ DIE OID
Spedificity Specificty
D
%
AUC=0.816 o AUC=0.822
‘ITO Cl.r5 010 ilﬁ‘l U'IS OIU
Spedficity Specifiaty

@ CENTER-TBI

IMPACT model
+ ICP

IMPACT model
+ ICP
+ (% PRx > 0.35)




PRx and the IMPACT model — CENTER-TBI data (N=185, 22 centres)

A B
IMPACT model * "= =]
Age, i :
GCS Motor, 2] £ IMPACT model
pupillary response ®:- %3 + ICP
AUC =0.713 AUC =0.761
* Model for outcome s S 0.7
prediction based on . o
parsimony, N = 10,000 ° ' ' . “ : :
10 05 00 10 05 0o
Specificity Specificity
C D
IMPACT model ) ) IMPACT model
+ICP a +1CP
+ % (PRx > 0.25) a ; + (% PRx > 0.35)
| AUC = 0.816 N I AUC = 0.822 I
Thanks to Fred Zeiler o 0s 00 10 05 00
Spedficity Specifiaty

P CXMBRIDG @ CENTER-TBI




TBI guidelines 2016

* |ICP <22 mmHg

Brain

* CPP 60-70 mmH
Trauma mrs
FOUNDATION e Autoregulation status




TBI guidelines 2016

* |ICP <22 mmHg

Brain

* CPP 60-70 mmH
Trauma mrs
FOUNDATION e Autoregulation status

How to incorporate autoregulation into the
clinical management protocol of TBI patients ?




Individualising Cerebral Perfusion Pressure Management

Charts Layout Data Paging -
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CPP [mmHg]
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Continuous monitoring of cerebrovascular pressure reactivity
allows determination of optimal cerebral perfusion pressure in
patients with traumatic brain injury

Luzius A. Steiner, MD; Marek Czosnyka, PhD, DSc; Stefan K. Piechnik, PhD; Piotr Smielewski, PhD;
Doris Chatfield, BSc; David K. Menon, PhD, FRCP, FRCA, FMedSci; John D. Pickard, MChir, FRCS, FMedSci




Individualising Cerebral Perfusion Pressure Management
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Continuous monitoring of cerebrovascular pressure reactivity
allows determination of optimal cerebral perfusion pressure in
patients with traumatic brain injury
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Doris Chatfield, BSc; David K. Menon, PhD, FRCP, FRCA, FMedSci; John D. Pickard, MChir, FRCS, FMedSci




Individualising Cerebral Perfusion Pressure Management

out Layout 1 t Layout
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Continuous monitoring of cerebrovascular pressure reactivity
allows determination of optimal cerebral perfusion pressure in
patients with traumatic brain injury
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Individualising Cerebral Perfusion Pressure Management

Curve Type |

Bl Mortality (%)
Bl Severe Disability (%)

CPP [mmHg]
Time scale: <6 d C P P tes > O4/092009 19:29:05 - 11092009 12:44:20

Ok~ & I| B-a- 9 AT i, ©

0:\Documents\ICh+ Datal\Semple Data) CPP OptyH 2000903110746 _NSPCdscmp

Continuous monitoring of cerebrovascular pressure reactivity
allows determination of optimal cerebral perfusion pressure in
patients with traumatic brain injury
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Individualising Cerebral Perfusion Pressure Management
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Consensus summary statement
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Consensus Conference on Multimodality
Monitoring in Neurocritical Care

A statement for healthcare professionals from the
Neurocritical Care Society and the European Society
of Intensive Care Medicine
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Consensus summary statement

of the International Multidisciplinary
Consensus Conference on Multimodality
Monitoring in Neurocritical Care

A statement for healthcare professionals from the
Neurocritical Care Society and the European Society
of Intensive Care Medicine

injury [46].
More refined monitoring of autoregulatory efficiency
- is now possible through online calculation of derived

[

About two-thirds of TBI patients have an optimum CPP
range (CPPopt) where their autoregulatory efficiency is
maximized, and that management at or close to CPPopt is

ttrating therapy to target CPPopt requires further study,
a and validation in a formal clinical trial before it can be
recommended.
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F=0.008 1
L]
g ®
=7 Logrank test P=0.036 _—
g =2
51 2%
2 Time aulside MAPOp! = 80% z
§ JEIEE Skt g3,
I i T
g = Time outside MAFapt = 0% <E
& i |
a
) .l L
=% 2 40 50 a0 100 Favorable outcome Unfavorable ouicame
Days
Figure 3. Box plot showing median absolute difference between the
Figure 2. Kaplan-Meier survival curve showing the absolute difference elinically observed mean arterial blood pressure (MAP) and optimal MAP
between clinically observed mean arterial blood pressure (MAP) and (MAP_ ) at 3 ma; 15 patients (18%) had modified Rankin scale (mRS)
aptimal MAP (MAP,__) greater than 10mm Hg at 3 ma. 1-3 and 70 (7290) had mRS 4-6 (defined as severe disability).
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Mean arterial pressure during cardiopulmonary bypass was managed according
to standard care or autoregulation-targeted goals. Delirium incidence by

randomization group is shown.

brain was defined as that MAP with the lowest Mx. Lower limit of cerebral autoregulation
(LLA) and upper limit of cerebral autoregulation (ULA) were defined as the MAP at which
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Many approaches for monitoring of Cerebral Autoregulation — surrogates of CBF or CBV
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Problems with PRx
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Problems with PRx

e Uses Volume, NOT Flow surrogate

* Relies on adequate transmission of volume change into
intracranial pressure (may not work very well in
circumstance of high compliance, eg after decompressive
craniectomy)
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Problems with PRx

e Uses Volume, NOT Flow surrogate

* Relies on adequate transmission of volume change into
intracranial pressure (may not work very well in
circumstance of high compliance, eg after decompressive
craniectomy)
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Problems with PRx

e Uses Volume, NOT Flow surrogate

* Relies on adequate transmission of volume change into
intracranial pressure (may not work very well in
circumstance of high compliance, eg after decompressive
craniectomy)

* Relies on the assumption that variability of ICP is purely
due to extracranial sources (reflected in MAP changes)
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Problems with PRx

e Uses Volume, NOT Flow surrogate

* Relies on adequate transmission of volume change into
intracranial pressure (may not work very well in
circumstance of high compliance, eg after decompressive
craniectomy)

* Relies on the assumption that variability of ICP is purely
due to extracranial sources (reflected in MAP changes)

* Thus values PRx close to O may reflect either working
autoregulation OR incoherent variability in ICP and ABP
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RAC — correlation between amplitude of ICP pulse (AMP) and CPP
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RAC — correlation between amplitude of ICP pulse (AMP) and CPP
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RAC — correlation between amplitude of ICP pulse (AMP) and CPP
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PRx and RAC in non-DC TBI patients (N = 358)
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Registered To: peter
Institution:  University of Cambridge
Registration Valid Until : 08/12/2016

RegisteredFeatures

# 3rd Party Plugins
Signal Processing Functions
HydraFunLibTest Unregistered/Expired

DSPHydraplugin test
P Registered

Data And Real-ti ly
Customisable Analysis Configuration
Raw SignalsRecording

Off-line Analysis of Raw Signals

CSF Dynamics Tools
Cerebrovascular Reactivity Tools

> Register New Key

[B Installed Monitor Modules
DT9800
Simulator
MPR2
Spiegelberg
Intellivue

ESCNENCSENES

NoninvasivelcP

Summary Statistics Functions

MSEntropy Registered (99999 days left)

Multiscale Entropy function

LibTest  Unregistered/xpi
Stats Hydra plugin test
DLL Stats Test Plugin  Registered (20 days left)
This is a simple stats pluginin a dll format
DLL mtxvec stats plugin Regist: 20 days left)
Thisis a simple stats g s AT AnaC o
MbVecclasses

Batch Analysis tools

Batch export of ICM+ data

Input/Output

File Type: | Main Data Fie (*.icmp) v OutpulType: csv

}" Batch summary calculation

Input/Output
File Type: Text File Format
Comma separated values file (".csv) v | csvformat_datasource xmi

Data files folder

[vaD M+\D

include Subfolders ] Variables suffix

Output file Extend the output fie [ ]

F | YDy

M+\D

ly y.csv

Auxiliary lookup up data (matched by data fiename)

|v0 ICM+\D ,_clinical_data.csv
Time Period
Full Period [ 4

Sto
é:‘ﬂ\ Formulae to apply to each variable (unless excluded by the filter)
A Name Function call Fiter
PT. mean mean(input)
PT:

stddev stddev(input)

+ vAaX=e228

Start

= |Processing folder: Y:\Documents\ICM+\Data\Batch analysis\resaults\
PT1_r.csv
PT2_r.csv
PT3_r.csv
PT4_.csv
PT5_rl.csv
Finished

-




ICM+ ScriptLab tool

il
Y < R
it

i

: Home | Charts Data
= =
Ml | BN 7 = E

Add  Add Edit  Advanced Clear Auto

Page Panel Layout  Editor

Charts Layout

Layout Layoutl Layout2 Layout

L

& Script Lab
Workspace variables

Data Pag Temporary Variables

B |HEM 4

Auto  Restore Save  Load Prev
Layout Layout

#- Series | & Clinical Notebook Mame  Type Value
Page 1 ﬁ gbp_pw wvector  1x1020
ans double  34.1333389313778
Jab ap vector 1w 1020
- d vector  1x208
icpw vector 1x207
icp_pw  vector 1x1020
vector  1x1020
Functions and Operators
| Constants | Operators | Functions |
icp Extended Functions
— Macro Functions Comands
=
= beatav(,) -
= breakpfit()
=l fit_erf1(,)
fit_linexp(;)
mean_at{,,,} E
meanabth(,,,)
meanblth(,,)
I L T —— median_at(,,,)
[=]] median_bt(,,,)
fvm powlin2(,)
pwdelay() -
w |
z +H Y K=
= (Command History
mean(ificop < 30, Phase_ai, nanv)) -
iif{cpp < 10, Phase_pi, ones(icp)  MAN)
mean(iificop < 10, Phase_pi, ones{icp) ™ MAN))
ait=op < 10
| ity =cpp < 10
nanv = ones{cpp) * NAN
fux mean(iif{critv, Phase_pi, nanv))

[ cm/s]

5A015:35

mean_at{Phase_pi,cpp, 10,0}

mean(icp)

d = BeatAnalysis{abp,abp, D=A8A=ARO =DI']
p = BeatExtract{d,icp, 1000)

plot{p)

ap = BeatExtract{d,abp, 1000)

plot{p,ap)
icp_pw =p

abp_pw @

File Edit Options Chart
1020x o

JE0133

5A015:40

=]

B &sp| T| B-d@ - Q IEI{E“\\?"‘:@' 4

Double click vector or matrix to examine the values e

D:\Documents\ICM+ Data\Sample Data\021051CR.DTA

661173
Wor 66.2213
66,3253
66.4293
> mezn(icp) BE 5337
ans = 34.1333389313778
666372
667412
> d = BeatAnalysis(abp, abp, 'D=RA&A=As0=DI') B B4ED
> p = BeatExtract (d,icp,1000) 669452
67.0531
* ap = BeatExtract (d, abp, 1000} £7 1571
> iep pw = p 67.2611
673651
> sbp_pw = ep 674691
[|> iepw = Beativerage(d, icp! 67.5731
icpw = B7.677
32.13155 57781
32 .03605
31.33626 67.885
33.50958 57.989
33.65622 631641
32.83673
32.66267 6857
33.06932 || 22 E9.0489
34 7] 8 Vult-Seces Pt — =
33700 e gige s ormalee sees
33.0
3z.23 7
33.2 130 /
2424 = TSN -
33.84 1 |
32.9 10 | \
3284 108 f A
EEIE I ‘ 4
33.94 ot { _ §
3317 L S
33.07 b I oo
32.8 I N
33.7
o =
Comman v
»
%
2
s
0
»
zs

s00

550

600 650 700 750 BOD @S0 SO0 950 1,000




ICM+ ScriptLab tool

Script Lab

Workspace variables
AVaI | a.b I e Inpmm | Workspace

. . , | : -
series/variables P > b = fitpewiin(avp, fvm, 1, 1 Display box
\ abp Vector  1x168 > bl = fiterf(abp, fvm)
\
> bl = fiterf(abp, fvm)
bl =
12.10549
4.99133
0.06875
42.26378
> 0.97571

m

Functions and Operators

Commands, Extended Functions I)> b = fitpcwlin(abp, fvm, 1, 1)
functions, etc Comens. | Comsirs ICO'm“an“d“;/““f

Macro Functions [

-2.06059
. “ |l o.33479
ds 15.75811
dh 0.0168
dv Elll| o0.97468
delete()
plot() | 5

plotcplx() > x = ramp(1000, 40, 6€0/1000)

otpolar B
Edit/save analyses _,%- £ = evatpmvtin®s, x)

Make macros < )

> ftl = evalerf(b, x)
ftl =

P

ot(abp, Aty
plotxy(t, abp)

) - i S ]| Command ine Write functions/commands HERE
History of activities plobxy(, b td, dc) i

Double click vector or matrix to examingf#he values




Definition of Dose of high ICP (using in this case 25 mmHg Threshold )

. . 1 .
Dosg., =[ | (icp, e - D) =Dt-[ |icp, o =F—S- [ ] iCPyyper
Fs = SamplingFrequency(icp)

ICphyper — (I Cp - ICpthr&shold )icp>icp_threshold

ICP A\

25

il

ICP threshold = 25 mmHg

ICP — 25

At =1/Fs

/—t




Dose configuration for ICP > 25

Script Lab

Workspace

5 - Now put all the steps

=]

Workspace variables
Input Series | Temporary Variables
Mame Type Value
ans double  10.0116714477496
icp_hyp  wector 1x882

W || mam

(iep—25) * (iep > 25) ) / SamplingFrgiicp) 7 3600

Functions and Operators

Macro Functions I Comands

Constants

| Operators I Functions

> SamplingFrgiicp!
ans 0.0166666666666T733

> G0*SamplingFrgiicp)
1.00000000000043

ans

> iep_hyp = icp > 25

> sum|{ (icp—-25) * icp_hyp |

into one line expression

> sum|{ (icp-25) * icp_hyp |

10.01167144774596

ans

/ SamplingFrgiicp) / 3600

Extended Functions

pulseAverage(,)
pulseExtract(,)
pulseRate()
removeEdges(,,)
removeMANs()
replaceMAMsMNM)
replaceMaMsVal(,)
resample(,)
SakEn()
Sampleldx

a)




How to create a macro for Dose calculation with generic parameters input

and threshold

2 - Name the macro Rl | 3 — Define the generic
parameters

Macro Name: : | |input, threshold

Description
- Expressions
e ““‘7 sum/| (input-threshold) * (input > threshold))/ SamplingFrqg(input) /3600 4 - Type the formUIa for
. .
I Macro Functions I Comands o* the dose

Constants Operators
Functions Extended Functions

9 . pulseExtract(,) ~ Dose(,) I
pulseRate()
removeEdges(,,)
removeNANs()
replaceNANSNNQ
', replaceMNANsVal(,)
resample(,)
SampleIdx

Macro Funcﬁoné Comands

aQ)
threshBottom(,)
threshTop(,)
timeScale()
TRFGain(,)

1 — Add a new macro
function

5 - Save the macro

P wi i : [ e




Advanced statistics tool

fi D Advanced Stats Results - DR
ICP w
& ICM+ - patientl.ic
| B - | Home | Cherts  Data  Tools To N Period Doze
Settings - = = A
_ S a il &L VAN &P 02:33:59 | 08/09/2009 06:54:00 500 30000 6.507
General | Archiving | Display | Analysis | Raw Data Rec | System e s S || ims soms s Greo Sui || Gersein i
Ribbon  Keyboard ‘ Config  Change ‘ | ICP 09/09/2009 02:44:55  09/09/2009 10:05:50 441 20455 2,587
System Configuration Help
Default number of charts per panel 5 - & Series | &) Clinical Notebook cp 10/09/2009 20:52:14  11/09/2009 06:20:26 559 34091 12.48
-
- - f i
Defay o Advanced Stats Function Selection Fo.. — O = wn €3 mpw“:ggs e
- ABP
Defa, Mame: Select a function and fill in its arguments. v CPP
dose Use 'input’ as a placehoder for variables the
NAN 1 function will be used on =
Formula:
UseT D =
Dose(input,25) | =
Use a
Apply only to the these signals (comma separated, leave empty for all):
Cus icp
Constants | Operators | Functions | Extended Functions | Macros
Dose(,) | —|
' ' ICP
Dese(input thresheld): sum( (input - thresheld) * (input > thresheld) ) I =
o
PR« EVEEETEIEEE T
'§ X2 3359 024455 205214
L =% Copy Spedal
- PRx

[au]

819 12:00 9/9 00:00 9/9 12:00 10/9 00:00
ime scale: < 4 days, 2 hours, 11 minutes >  07/09/2009 09:50:20 - 11/09/2009 12:01:20

10/812:00 11/9 0000

0
7/912:00
X cancel &5 Keyboard

< .‘El
8-l aw z2- WH

[ ..\ \OfficeNCM + Worksups g

\patient Licmp




A typical ICM+ enabled pipeline for analysis involving multimodal monitoring data




A typical ICM+ enabled pipeline for analysis involving multimodal monitoring data

<| | » Computer » Groups (\\diderat) (Z:) » brainphys » Data » TBI » - |4
— — — —
Organize »  Bum  Newfolder B~ O @
Y Favorites S 110378872 )0110454022 )0 110519691 | 110564847 ) 110643513 1110716363 )/ 110776790 | 110014658 | 110072664  }/111050627 /111165155 | 111233287 /111283779 | 111356671 )L 111411708 ) 111457
P Desktop 110380942 /110455465 || 110521483 110568773 110646559 /110718203 || 110785578 110914722 110972791 /111060003 || 111165983 111233366 /111284530 || 111356299 111411787 1114511!
& Google Drive /110383594 |/ 110456099 | 110521564 | 110569637 | 110647071 |/ 110721832 |/ 110767508 | 110915462 | 110972965 | 111062258 |/ 111167433 | 111237679 | 111286843 || 111360654 | 111413402 | 1114617
Recent Places /110387589 )/ 110456982 |/ 110523200 | 110574456 | 110651841  }/110726120 [, 110790120 | 110917499 | 110975394 |/ 111066172 ). 111167841 | 111238795 || 111287497 |/ 111362348 | 111414082 ), 1114626
4+ Dropbox /110338880 )/ 110458792 |/ 110523516 | 110577788 | 110654452 /110730780 ). 110702784 | 110922858 | 110977683 |/ 111060200 ). 111167967 | 111230953 | 111201814  |/111362446 | 111416196 ), 111463
a iCloud Drive /110392602 |/ 110460759 | 110526643 | 110578761 | 110654591 | /110733569 | 110794489 | 110923399 | 110978279 | 111071918 | 111168264 | 111240052 | 111282048 |/ 111363429 | 111417724 | 111464]
%) iCloud Photos /110302038 |/ 110461854 || 110520803 | 110570463 | 110657083  }/110734186 ), 110810010 | 110923616 | 110980741 /111072236 )L 111174801 | 111243708 /111205034 /111363500 )| 111418210 J, 111465€
(110204650 | 110468629 /110529939 | 110580816 | 110657631 /110734715 | 110815053 | 110923976 | 110081363 | 111073656 | 111179128 | 111246579 | 111207172 | 111366416 | 111418991 | 1114696
3 Libraries /110395444 || 110468989 | 110531340 | 110581018 | 110658022 | 110734870 | 110816912 | 110924758 | 110983031 | /111075842 | 111182238 | 111247506 | 111310041 | /111366522 | 111419224 | 111473
[ Documents /110397489 |/ 110471561 | 110532317 | 110587995 | 110661902 | 110736610 | 110818427 | 110926541 | 110984295 | /111078708 | 111184649 | 111251098 | 111310042  |[|111369736 | 111419809 | 111474
& Music (110411459 1110472735 0110532011 | 110501890 ) 110663204  }/110738023 |0 110822045 | 110927442 | 110984368 /111080175 ). 111186920 | 111255572 /111311755 /111370713 ) 111421548 ), 111475€
=) Pictures /110411805 }/110473165 |/ 110533038 | 110502325 | 110664661 | 110740234 | 110827211 | 110920739 | 110984392 |/ 111084308 | 111188781 | 111257238 || 111312251 |/ 111372245 | 111422534 ), 1114769
B videos |110412136 |/ 110473487 |/ 110534236 | 110595118 | 110670085  |/110742276 | 110828319 | 110932662 | 110984612 || 111089485 |/ 111192377 | 111259050 | 111313152  [[111373373 | 111422959 | 111477
(110412516 | 110476689 | 110536016 | 110506084 | 110670804 | 110742761 | 110830045 | 110937806 | 110084700 | 111090100 | 111194728 | 111261838 | 111314362 | 111375145 | 111423541 | 1114773
@ Homegroup (110412683 )/110478622 |/ 110537298 | 110500801 | 110672285 /110743711 |0 110830882 | 110938626 | 110987970 /111092076 ). 111105653 | 111262234 | 111317864  J/111375371 ) 111424712 ), 1114789
| Ji1iomaora [1110480202 ) 110542176 | 110610361 ) 110674235 [/110743743 || 110832043 | 110938976 | 110988436 || 111110309  [[111196920 | 111262497 /111323306 | 111376936 | 111426028 || 111479
8 Computer 7| J1l04iesss  )i110485418 )0 110543567 ) 110612469 ) 110674279 1110744796 ), 110834972 | 110930604 |, 110989086 )\ 111111745 /111197295 | 111263683 1111324027 | 111378604 ) 111426458 || 111481¢
&, Local Disk (C) (110417366 }/110490550 |/ 110543870 | 110613457 | 110677518 /110745024 |0 110845180 | 110948327 | 110993266 /111110126 )L 111107795 ) 111263201 ) 111324179 /111379465 )1 111429166 ), 1114817
(% Dropbox (\hex) (W3 /110420133 |/ 110491626 | 110544176 | 110614267 | 110677580 | 110747530 | 110850238 | 110951942 | 110998121 | /111123986 | 111211085 | 111264257 | 111324803 | 111380544 | 111429410 | 1114833
&9 eddata (dirad) (¥2) [110424271  }/110494200 |/ 110547134 | 110614708 | 110682035 | /110749703 | 110851151 | 110955723 | 111016540  |/111130622 |/ 111212133 | 111265167 | 111328156 |/ 111383111 | 111429638 |, 111483]
53 Groups (Wdiderot) (Z) (110424563 /110494520 |/ 110547611 | 110614735 | 110687520 /110750285 ). 110861201 | 110955851 ) 111016799 111134087 ). 111214881 | 111266912 /111320644  |/111385238 | 111420673 ), 111485]
(110425801 |/ 110494665 | 110549699 | 110615732 | 110688701 /110750365 | 110868649 | 110956965 | 111016977 | 111140020  |,111219218 | 111269808 | 111333044 | 111382021 | 111430974 | 1114859
g Network /110426587 |/ 110495161 | 110550960 | 110617070 | 110689589 | 110752639 | 110880221 | 110957171 | 111020120 | 111140267 | 111219802 | 111273566 | 111334936 | 111391963 | 111437156 |, 1114863
8 CTBI-CAMIO (110428325 | )/110496721 |/ 110553073 | 110617465 | 110692145 /110753780 ). 110882662 | 110957184 | 111021440 /111142262 )0 111224425 | 111273668  ))111335118 1111393056  )) 111437973 ), 111480
18 DANILO (110428088 )/ 110497676 | 110554732 | 110619671 | 110692413 /110757982 |0 110885702 | 110950738 | 111023613 111149788 )L 111227343 | 111274416 /111335376 /111397369 ) 111438352 ), 1114913
8 pEROT /110432200 |/ 110499968 | 110556833 | 110620076 | 110692863 | 110761705 | 110888110 | 110960969 | 111024638 | 111150735 |/ 111229029 | 111274500 | 111337730 |/ 111397373 | 111442440 | 1114924
8 DIRAC /110433435 |/110510837 |/ 110557960 | 110621189 | 110694446 | /110762664 | 110890113 | 110961977 | 111030954 |/ 111153364 |/ 111231031 | 111274526 | 111340104 |/ 111397604 | 111445853 | 111493
% FOURIER (110433644 )[110514254 |/ 110550037 | 110632419 | 110696325 /110762873 ). 110800325 | 110963604 | 111037796 | 111155032 )L 111231264 | 111274646 |/ 111347754 /111397084 | 111440104 ), 1114954
8 GAUSSWE |110436775 |/ 110514474 || 110559313 | 110632652 | 110699681 | 110766022 | 110892821 | 110965166 | 111039143 | 111160180 | 111231577 | 111275177 |/ 11139209 |/ 111398084 | 111453739 | 111495€
X /110437866 |/ 110518830 | 110561180 | 110633767 | 110710215 | /110767060 | 110910967 | 110967547 | 111038291 | 111160394 | 111232182 | 111275908 | 111354724 | /111399023 | 111455537 |, 1114957
18 PROF-HUTCHINSON (110439225 )(110518978 |/ 110562426 | 110630217 ) 110713353 110769675  |)0110912394 | 110967574 | 111047553 111160004 )L 111232747 ) 111278000 0111355811 1111399005 )i 111456076 ), 111510
18 SOCRATES ) 110450606 )/110510526 || 110564557 | 110643342 ) 110716074 (110773164  [0110013228 | 110070473 ) 111048762 0111163101  [)111233120 111279751 ))111355017 111410612 111456257 ) 111513
1% TERASTATION | F—— v
568 items  Offline status: Online
' Offline availability: Not available
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A typical ICM+ enabled pipeline for analysis involving multimodal monitoring data

=
m
=

]
1

Export 4

L_‘ Import »

< B B DE y f9 £

Other File Activities

L Batch Reanalyse

|1=| Batch Expart

E: Batch Summar ¥

E Batch Info Export
Advanced Profile Edit

Ml Dta File Spiit

[E] Dta Files Header Repair

HEl Text File split

7 Open Software Config Folder

| Modify ICMP Variables Info

|E3 Exitcm+ |

G
d U = 1% -
k@




A typical ICM+ enabled pipeline for analysis involving multimodal monitoring data

Batch processing of raw data

Input/Output

File Type *.dta ~

g Raw Data Folder
? e e FRCTRE i | Y:ADocuments\CM+\Data\Batch analysis |Es
-
Bl Batch Reanalyse (o Output Data Folder
e Open =] Batch Export |Y:\Documents\lCrJ+\Dala\Batch analysis\results |]:_
Batch 5
i % = St Include Subfolders |:|
% Save « | = ER NI ER T Custom folders list
Advanced Profile Edit One file per patient
= Export 4 E HEFeeEn One file per folder [l
|z&| Dta Files Header Repair Output in single folder D
(5 Import > ﬂ U T Save Trends As:
= ' Open Software Config Folder (= file E
- AN | Modify ICMP Variables Info
@ Close Export 8s: PO Add subfolders to the output file names [
|E3 Exit oM+ |
Analysis Configuration
Y\Documents\ICM+\Data\Batch analysis\Basic profile (mean values).ic I i
Start Skip File Stop Save Incompatible Files List
Directory: Y:\Documents\ICM+\Data\Batch analysis\
PT1_r1.dta
PT2_r1.dta
PT3_r1.dta
PT4_r1.dta
PTS_r1.dta
Finished
i R [) '
» )
» - =10




A typical ICM+ enabled pipeline for analysis involving multimodal monitoring data

New

Open

Expart

Import

Close

& [ @ []E ') ,.-.u@[i

]

Other File Activities

L Batch Reanalyse

1= Batch Export =
Batch Summary

Batch Info Export

Advanced Profile Edit

Ml Dta File Spiit

[E] Dta Files Header Repair

HEl Text File split
=

(] W

Open Software Config Folder
| Modify ICMP Variables Info

|3 Exit 1cM+ |

Batch processing of raw data

Input/Output

Fie Type  *dta

Raw Data Folder
|Y:\Ducuments\|Cl.1 +\Data\Batch analysis ]1:;_

Output Data Folder
|Y:\Documents\l(‘,m +\Data\Batch analysis\results | B=

Include Subfolders |:|
Custom folders list

One file per patient
O
O

One file per folder
Output in single folder

Comem Teamde Am-

Batch export of ICM+ data
input/Output to the output file names [

File Type: | Main Data File (*.icmp) | OutputType: | csv

ICH+ files data folder

Y:\Documents\ICM+\Data\Batch analysis\resaults I L‘

Output data folder
| Y\Documents\ICM+\Data\Batch analysis\export 4h I L[: =)

vé Incompatible Files List

Evenly resample datasets using the specified function and period is\

Reslice evenly

Make time relative to: | Date of Ictus. v

Patient Info file (generated by Batch Info Export )
|Y:\Documents\lCl.h\Data\Batcn analysis\icmpfilesinfo.txt

| -

Export this variables list only (comma separated)

‘ Notes and events [ ]

Include Subfolders [0  ncl subfolders in output file names [ ]

Output in a single folder |:| Join files from one folder

Join all files into one single file insert DataSource column

Start Stop
Storing all the exported data inta one file: ¥:\DocumentshICM+\D ata\B atch analysis\export A
4h\batch export 4 h.csy
Processing folder: Y:\Documentsh|CM+\D ata\Batch analysis\resaultsh,
PT1_rl.icmp
PT2_r.icmp
PT3_r.icmp
PT4_rl.icmp

v
=10




A typical ICM+ enabled pipeline for analysis involving multimodal monitoring data

New

Export 4

Import »

Close

«MEDES ~C

Other File Activities

L Batch Reanalyse
Batch Expart
Batch Summary

[

Advanced Profile Edit
Ml Dta File Spiit

Batch Info Export  (e—

[E] Dta Files Header Repair

HEl Text File split
=

Open Software Config Folder

| Modify ICMP Variables Info

Batch processing of raw data

Input/Output
File Type *dta w
Raw Data Folder

|Y:\Ducuments\ICM +\Data\Batch analysis

QOutput Data Folder

|Y:\.Documents\lCM+\Dala\Batch analysisiresults

Include Subfolders |:] Select

Custom folders list
One file per patient
One file per folder |:|
Output in single folder [ ]
Cavva Tramda Aa-
Batch export of ICM+ data
Input/Output

File Type: | Main Data File (*.icmp) | OutputType: | csv

s et e vom e s e S

Input/Output

File Type: Main Data File (*.icmp)

ICM+ files data folder
Z\brainphys\Data\TBI

Cutput info file

ZAbrainphys\Data\TBlicmpfilesinfo_txt

Include Subfolders

Stop

ICH+ files data folder

nalysisiresaults] hi

Output data folder
|Y:\Du- MD h t4h | Es

to the output file names [

ve Incompatible Files List

Evenly resample datasets using the specified function and period

e T

Reslice evenly

Make time relative to: | Date of Ictus. v

Patient Info file (generated by Batch Info Export )
|Y:\Documents\lCl.h\Data\Batcn analysis\icmpfilesinfo.txt | >

Export this variables list only (comma separated)

is\

‘ Notes and events [ ]

Include Subfolders [0  ncl subfolders in output file names [ ]
Output in a single folder O Join files from one folder

Join all files into one single file Insert DataSource column
Start Stop

Storing all the exported data into one file: Y:\DocumentstCM+\D ata\B atch analysis\export A
4h\batch export 4 h.csy

Processing folder: Y:\Documentsh|CM+\D ata\Batch analysis\resaultsh,

PT1_rl.icmp

PT2_r.icmp

PT3_r.icmp

PT4_rl.icmp




A typical ICM+ enabled pipeline for analysis involving multimodal monitoring data

* Batch summary calculation

! nputOutput

===

|3 Exiticm+ |

Batch processing of raw data

Input/Output
File Type
Raw Data Folder

*.dta v

|Y:\Ducuments\lcr.1 +\Data\Batch analysis

QOutput Data Folder

|Y:\.Documents\lCM+\Dala\Batch analysisiresults

Include Subfolders
Custom folders list
One file per patient
One file per folder
Output in single folder

Comem Teamde Am-

Batch export of ICM+ data

File Type: Text File Format =
Comma separated values file (*.csv) v | csvformat_datasource xmi v i ! i
Data files folder
ly\r M+\D ]»H - Other File Activities
= B MNew
Variables suffix
nclude Subfoiders [ ] ‘ + L Batch Reanalyse
Output file Extend the output fle [] | = o
[0 WD y yEu |7 @ Open |=| Batch Expart
Auxiliary lookup up data (matched by data fiename) E: Batch Summary
[0 14+1D _cinical_data.csv |Z E III = d = Batch Info Export
Saw
omdiotics — Advanced Profile Edit
Full Period [ 0.00 |5 24.00
- ) Ml Dta File Spiit
Date of the data recording start =T Export 4 T
|z&| Dta Files Header Repair
E___ Import b E Text File Split
Formulae to apply to each variable (unless excluded by the fiter) Open Software Cor‘lﬁg Folder
Name Function cal Fiter @ Close | Modify ICMP Variables Info
mean mean(input)
stddev stddev(input)
+vaXK=ZTH
= s exvoe o o e s wes [
= |Processing folder: Y:\Documents\ICM+\Data\Batch analysis\resaults\ E
PT1_rl.csv Input/Output
PT2 (1 csv I
EH_:} zg File Type: Main Data File (*.icmp)
PTS_fl.csv
Finishied ICM+ files data folder
Z\brainphys\Data\TBI
A B | C | D | E | F | G | Output info file
1 |DataSou rc_lGOS GCS abp_mearabp_stddeicp_mean icp_stddev ZAbrainphys\DatatTBlicmpfilesinfo. txt
| Include Subfold
2 PT1_r1l 1 3 88.82 8.728 13.85 2.953 neude subloiters L
3 PT2rl 2 5 86.46 12.3 11.04 4.71 Son
4 PT3.r1 3 6 0 NAN 0 NAN
5 PT4 rl 4 9 73.81 13.49 10.03 7.001 —
6 PT5_rl 5 5 89.12 9.894 13.79 2.98
i i )
L‘Lj;ﬁi‘,cil
it /Y .

|
O
O

Input/Output
File Type: | Main Data File (*.icmp) « OutputType: .csv ~
ICH+ files data folder
nalysis\resaults] l Es
Output data folder
|Y:\Documents\l(:l.h\[)ata\satcn analysis\export 4h I Fa
Evenly resample datasets using the specified function and period

o v

Reslice evenly
Make time relative to: | Date of Ictus. v
Patient Info file (generated by Batch Info Export )

| Y\Documents\ICM+\Data\Batch analysis\icmpfilesinfo.txt

| -

Export this variables list only (comma separated)

‘ Notes and events [ ]

Include Subfolders O
Output in a single folder O
Join all files into one single file

Join files from one folder
Insert DataSource column

Start Stop

Incl. subfolders in output file names D

to the output file names [

ve Incompatible Files List

is\

4h\batch export 4 h.csy

Processing folder: Y:\Documentsh|CM+\D ata\Batch analysis\resaultsh,
PT1_rl.icmp

PT2_r.icmp

PT3_r.icmp

PT4_rl.icmp

Storing all the exported data into one file: Y:\DocumentstCM+\D ata\B atch analysis\export A




A typical ICM+ enabled pipeline for analysis involving multimodal monitoring data

Batch processing of raw data
* Batch summary calculation

d Input/Output

Input/Output

File Type: Text File Format P File Type *dta v
Comma separated values fie ("csv) v | csvformat_datasource xmi v <
Data fies folder — Raw Data Folder
[vo D | B ? New Other File Activities |Y:\Ducuments\lCM+\Daia\Batch analysis l‘fj
include Subfolders ] [V i Lt B Batch Reanal
Output fie Extend the output fie [ | -~ AR S Output Data Folder
[V =T y N |z @ Open |=| Batch Export |Y:\.Documents\lCM+\Dala\Batch analysis\results I‘f:g
A - A
; d) | | [] sourceonsave | Q@ A7+ 1 %R | % (#source «| = | 7 summary{gcsJ
% call:
Im(formula = s$icp_mean ~ s$icp_mean)
3 ###EX 2- Batch Analysis ¢ P P
4 # dmport in R for simple model analysis Deviance Residuals:
5 ‘ 1 2 3 4 5
6 setwd("y:/Documents/ICM+/Data/Batch analysis™) 4.106 1.306 -9.734 0.276 4.046
7
8 s<-read.csv("summary.csv") Coefficients:
g Estimate std. Error t value Pr(=|t])
10 . (Intercept) 9.734 2.547 3.821 0.0188 *
11 plot(sicCs,sficp_mean) — o
12 2 Signif. codes: 0 ‘***' 0_001 ‘**’ 0.01 **’ 0.05 ‘.’ 0.1 * ' 1

13 gecs<-glm(s$icp_mean~s$icp_mean)

14 summary(gcs) (Dispersion parameter for gaussian family taken to be 32.44048)

15
16 Null deviance: 129.76 on 4 degrees of freedom
Residual deviance: 129.76 on 4 degrees of freedom
AIC: 34.471
| Number of Fisher Scoring iterations: 2
>
1 =
2 >
>
3 >
4 >
5 =
>
6
| | 15:1 (Top Level) = R Script = >
Start Stop
Storing all the exported data into one file: Y:\DocumentstCM+\D ata\B atch analysis\export A
4h\batch export 4 h.csy
Processing folder: Y:\Documentsh|CM+\D ata\Batch analysis\resaultsh,
PT1_rl.icmp
PT2_r.icmp
E;A » [} PT3_r.icmp
) e PT4_rl.icmp v
L‘Lj.ﬁi‘.oil R 2 O
it /Y
D




Batch export tool

Batch export of ICM+ data
Functi
Input/Output ‘ unN - 4 Hours A B X C D
one . .
File Type:  Main Data File (*.icmp) ~ OutputType: |csv @ Mean 1 second ; 1 E'I%teﬂrfi = 86.57 = 16.8
r . . .
High 3 3 PT1 r1 1.666667 91.39 14.29
ICM+ files data folder _ Low 1 minute 4 3 PT1 r1 1.833333 88.49 10.67
C:\Wsers\ps100\Dropbox (Cambridge University ICM+\Data\CENTER-TBNNCF s Median 5 |PT1.r1 2 88.42 14.16
Output data folder Std Dev h 6 | PT1 r1 2.166667
C:\Wsers\ps 100\Dropbox (Cambridge University NCM+\Data\CENTER-TBNNCFitest4 l e / s 2 1 hour 7 _ PT2 ri 0.666667 273 9436
Change data granularity using the following summary function / Median Filter 1day 8 |[PT2_r1 0.833333 83.68 8.32
Function |Mean Period |4 hours 9 | PT2_r1 1 85.45 8.632
Resiice the time scale evenly to the specified period v Reslice evenly 10 |PT2_r1 1.166667 93.45 16.96
" . 11 |PT2 rl 1.333333 91.22 17.68
ake time relative to:  Date of Ictus i v U .
: : e 12 [PT3 rl 1.5
T TS T G ST By DI S EXPO J x | -
- § — } - - 1= 13 |PT3 rl 1.666667
IC:\USErS\pSWD\DrODbe (Cambridge University NCM+\Data\CENTER-TBNNCP\icmfilein fo.txt 7 —
Export this variables list only (comma separated) 14_ PT3_F1 1.833333
[icp.abp | Notes and events  [] 15 PT3_rl 2
- B TGJ PT3 r1 2.166667
Include Subfolders Incl subfolders in output file names
Qutput in a single folder [] Join files from one folder ) ) i PT4_r1 1.5
I Join all files into one single file ] [Inserl DataSource column ] The DateT'me Vanable E PT4 rl 1.666667
. . ﬁ PT4 r1 1.833333 67.9 8.574
star Stop is expressed in days 20 |PT4_r1 2 8506  16.39
. Processing folder: - from ICtUS 1 PT4 rl 2.166667
C:\Users\ps100\Dropbox (Cambridge University)\ICM+\Data\CENTER-TBI\INCF Y2 (P15 rl 2.5 96.5 15.56
ig—:i:zm P3 PT5 r1  2.666667 85.48 13.61
pTg:rl:icmp P4 PT5 rl 2.833333 86.24 14.18
| PT4_rl.icmp | PS5 [PT5 r1 3 91.04 12.5
P6 (PT5 rl 3.166667 91.5 14.29

a;s ' [} . /,‘ 4 >

il INANT
YSIT  F [ \|L
Co - d U J’Qf

i

P (%=t
i . . \"\.L.L:-"W




ICM+ Event oriented analysis

@\ Only list signalled events Only list events with numerical figlds

Home | Charts | Data En |Name |Event |Tvpe ‘Value |Period |O‘ﬁ5et ‘Series ‘Interpr‘Col I

- _———
Lot A + mi icp_mov  Murse\Turning Stats max{ICP) 00:10:00 0 Line Stars | S Formula Editor R —
& ﬂ b Nurse\TL Stats (IcP) 00:10:00 -300 Li Stai =
Icp_bas urse\Turning max +10 - ne iIrs
Logn Minimse | Add  Add c
‘ Ribban | Page Panel Formula:  max{ICP)
— Yariables: Extended Functions Macros
& seis | 2 cincat e e (ad Functons
Main a CPP Optimal :E:sp = aéff; i ;’ New Events @Eastaents
150 + - t 1 PP [2] acvf)
CPPS5min arccos()
ABP Vertical Axis CPPmed [I] [:] arccosh()
14.8 . — CPPmedian [I] [I] arccot() 24/03/2013
CPP Maximum |0.00 Al |cPPopt arccoth Nurse\Turning 13:47:10
_85.55 CPPnph:maI arcesc()
Minimum | 0.00 Al |CPPoptimalPA arccsdE)O Nurse\Turning 14:48:10
CPPoptPAX arcsed|
Logaritimic ~ [] dABP arcsech() Nurse\Turning 16:48:10
ecg arcsin()
. -, < arcsinh() Nurse{Turning 20:48:10
Units arctan2(;)
arctanh() Nurse\Washing 22:48:10
arfitl.} 25/03/2013
o OK [ % cancel | [ &7 Keyboard ] Nurse{Turning 01:33:44
Nurse\Washing 02:33:52
ICP Nurse\Turning 04:00:00
29.08
Nurse{Turning 06:00:16
| Nurse\Turning 03:40:31
¢ Nursetwashing 13:00:45
o Nurse\Turning 13:00:55
07314 Nurse{Turning 15:45:00
Nurse{Turning 19:17:12
Nurse\Turning 22:23:07
26/03/2013
PRx [ [l | [T STV | 1 N AN ST U S HIT DY TN | soseiurnes otasas
: : : ? Nurse{Turning 02:47:39
icp_mov
36.60 5 Nurse\Turning 05:55:46
. B
icp_bas —
23.20 : : :
25/3 168:00 25/3 18:.00 253 20000 25/3 2200 26/3 00:00 26/3 02:00 26/3 04.00
22:23:07.00 Time scale: < 14 hours, 17 minutes, 23 seconds >  25/03/2013 15:33:45 - 26/03/2013 05:51:08

l

G- sw I| B Q] HEET] TS

C:Users\peter \Documents\[CM +Data\Events data\HI_20130324133846_ICMS.icnp

~ - i i i @ (i m Wi 5 P4 ] @ x
P ) ' 7 g

1
iy

[
it

1 A = X .




Time anchoring for batch analysis

Make time relative to: | Time of Event v Event | InfusionTest/Start Occurence |1 :
Windows Zero Date (31/12/1899) Al |
Date of the data recording start T
Time of the data recording start

Export this variables list REURAARIEL

Date of Ictus Notes and events [ |
Time of Ictus - <

Date of Admission
Include Subfolders  |Time of Admission v pames [ ]

- - 2= —

Patient Info file (generatg

ICP

[ mmHg]

HR

[ 1/min]

1541 18:25 158/ 18:30 15/1 18:35 15/1 18:40 15/1 18:45 15/1 18:50 15/1 18:55 1541 19:00
Time scale: < 40 minutes, 40 seconds > 15/01/2013 18:20:37 - 19:01:17

Negative time W =l  Posjtive time
: g




Batch summary calculation, linking with the clinical database

Batch summary calculation

Input/Qutput
File Type: Text File Fo
Main Data File (*.icmp) v
Data files folder
iC:\Users\pB‘I 00\Dropbox (Cambridge Unn.-ersty)\ICM4\D&|a\CEN‘I‘ER—TBI\INCF1 ] ‘tt_:

Include Subfolders |:| Variables suffix

Output file Extend the output fie [] I:l

| |#

Auxiliary lookup up data (matched by data filename)
| |

Time Period
Full Period [A Period [h] 0.00

Relative Unix Zero Date (1/1/1870) ence 1

ar

Formulae to apply to each variable (unless excluded by the fiter)

Name Function call Filter
mean mean(input)

stddev stddev(input)

N length(input)

+vAXK=R27E

Start Stop




Batch summary calculation, linking with the clinical database

Batch summary calculation

Input/Qutput
File Type: Text File F
Main Data File (*.icmp) v
Data files folder
iC:\Users\pB‘I 00\Dropbox (Cambridge Unn.-ersty)\ICM4\D&|a\CEN‘I‘ER—TBI\INCF1 ] ‘tt_:

Include Subfolders |:| Variables suffix

Output file Extend the output fie [] I:l

| |2
Auxiliary lookup up data (matched by data filename)
| |#
Time Period
Full Period |4 Period [h] 0.00 ‘ D 24.00 —

Relative Unix Zero Date (1/1/1870) ence 1

ar

Filter

Function call
mean(input)
stddev(input)
length(input)

vAR=C T O

Start Stop




Batch summary calculation, linking with the clinical database

Batch summary calculation

Input/Qutput
File Type:
Main Data File (*.icmp) v
Data files folder

lc:\Users\ps‘luu\nroaDex (Cambridge University NCM=\Data\CENTER-TBNNCF|

Include Subfolders [ Variables suffix

Output fie Edendteoutputie [ | |

Auxiliary lookup up data (matched by data filename)

Time Period
Full Period [ = 0.00 - 24.00

Unix Zero Date (1/1/1870)

to each variable (unless excluded by the fiter)

Function call Filter
mean(input)
stddev(input)

length(input)

Start Stop

Input/Output
File Type: Text File Format
Comma separated values file (*.csv) v | csvformat_datasource.xml v
Data files folder
lY:\Documents\lCl.MData\Batch analysis\results l}l‘
Include Subfolders [ ] Variables suffix
Output file Extend the output file [ ] I ‘
[]Y:\Documents\lC!.MData\Batch analysis\results\summary.csv e
Auxiliary lookup up data (matched by data filename)

lY:\Documents\lCM«\Data\Batch analysis\dummy_clinical_data.csv

Time Period
Full Period : 0.00

(=]
(=]

Data
Batch analysis
HRV
Microdialysis
Shorts
TBI

-,
File game{ summary.csv

Save as type:  Comma Separated ASCII File




Batch summary calculation, linking with the clinical database

Batch summary calculation

Input/Qutput
File Type:

Main Data File (*.icmp)
Data files folder
[c:\Users\psmmDroabex (Cambridge University NCM=\Data\CENTER-TBNNCF|

I:l Variables suffix

exendtreouputtie (| |

v

Include Subfolders
Output file

Auxiliary lookup up data (matched by data filename)

Time Period
Full Period [ o0 = 24.00

Unix Zero Date (1/1/1870)

Data
Input/Output Batch analysis
File Type: Text File Format HRV
Comma separated values file (*.csv) v || csvformat_datasource.xml v Microdialysis
Data files folder Shorts
lY:\Documents\lCl.MData\Batch analysis\results l}f T8I
Include Subfolders [ ] Variables suffix ven
Output file Extend the output fie [ ] l | File name{| summary.csv
3,

[IY:\Documents\lCI.MData\Batch analysis\results\summary.csv

Save as type:  Comma Separated ASCII File

Auxiliary lookup up data (matched by data filename)

Y \Documents\ICM+\Data\Batch analysis\dummy_clinical_data.csv

Time Period A 8 c ||
) — - . 1 |DataSourcGOS GCS
Full Period . 0.00 [= 24.00 = i
to each variable (unless excluded by the fiter) 2 F’Tl_rl 1 3
Functon call e )| 3 PT2.r1 2 5
T 4 |PT3 r1 3 6
length(input) 5 |PT4 r1 4 9
AR ST D = 6 PT5 ril 5 5
Start Stop
A B . C . D . E . F . G .
1 IDataSourchOS GCS abp_mearabp_stddeicp_mean icp_stddev
2 PT1rl 1 3 88.82 8.728 13.85 2.953
3 PT2.r1 2 5 86.46 12.3 11.04 4,71
4 |PT3r1 3 6 0 NAN 0 NAN
5 PT4.r1 4 9 73.81 13.49 10.03 7.001
6 PTS5 rl 5 5 89.12 9.894 13.79 2.98
il
Lﬁji?";giil '. ' : - [
: A BRI




ICM+ functionality can be extended using 3rd par

Description:

Expressions:

Signal Name:  isp_pely

DLL library
Implementing
DSP interface

Signal Units:

Save As Snippet [

PolyFiziicp,21)

yariables:

i L

Functions Custom Functions

icp
icp_poly

IntegrateQ
MedianFilter(,)
MovingAvgFilter ()
nICPL)

OnesQ
PhaseUnura;

RemoveEdges,.,)

i,

DSP

DLL library
Implementing
Stats interface

ndow Specifi

Calculation Period : 300 ( s ]

(= Update Pariod : 10

Farmula
Coherence( ICP ABP, LWR=0.045UPR=0.154 SWLEN=17" )

(A inssrruncrion )|

|(1] Function :

e plions:
BIDIDEE] [coberence  EIED Frequency in [L/min] Cf )
\T\ |?‘ |?‘ |7| Correl L] Jewr Lower frequency limit
Alle)le] L) | caPower PR Upper frequency limit
[1] (2] [2] [=]|Diast E Zero padding (0 - 128)

— — | Filter WND Data window (RECT,HANN,HAMM]
[0 [ (2] | FundAmp Rt o wegrarte s woarogn
[ beiete ] [(1] | GndFra ovRLP Segments overiap [%] (0 - 50)

ain SWLEN Spectrum Smoothing

Function descrigtion: s Fcncbrs s Adiencd s b sencn AET 1t
Function calcul LLEAREIa ot i op iam e 1l O in=ie el i e a1 (=pe=lin e e

mean value or returns frequency of the max value. It can also return val
cross-spectrum amplitude. Use zero padding to increase frequency re

Stats functions
(Real-time analysis)

-
3
4

aplmtl

2383

FEEEFR EF

Mew Trend Chart
Mew Risk Chart

Mew Scatter Plot

Mew Histagram Chart
Mew Error Bar Chart

Mew Spectrurm Chart

Mew Cross Spectrurn Chart

ty plugins

ice

Reset

Results

Parameter
Infusion rate [ml/
Caleulation mode

Amplitude of ICP pi

wave [mmHg]

4 one neadla only
a5 1P baseline [mm|
1cF plateau [mm
1 AMP basaline [mn
{ 26 AMP plateau [mm)
H Rest [mmHg=min
= 2 Elastance [1/ml]
[l e

o

Comments

06

14/6 13.60 14/6 13:66 14/6 14.00 14/6 14.06 14/6 1410 14/6 14:16 14/6 1
Time scale: < 31 mir = 14/05/2007 13:48:23 - 14:20,03

5, 40 secor

e ol L

= Y & =
cuf Tast coé ast THAT CSF rideion Tast

Tools
(Intervention tests)




Advanced features: Plu

Chapter 3

Data Structure Index

31 Data Structures

Herme are the data structares with brief descriptions:

ChartBarResData (Struchure used by the plugin to pass back results bearlypc chart calculation )
ChartCalcData (Structure used to provide data for chart calcalation ) . . . - -
ChanCfgData (Structure used to configure the chart calculation structures 3 . .
ChartEmrorBarResData (Structure used by the plugin to pass back resulis Dfermu har rypc charl
calculation b . . . . ..o L. L. L.l o -
ChartInfo { Stmucture mlummg merInsn.cm about 1mp}:nr:nv_'dchm15 ] -
Chartl_asbels {Structure used to by the plugin to pass information back abDul r.h.c chart Iab:l_'. ]
ChantMarkerData (Structure used to obtain instructions for drawing custom markers/labels »
ChartPoint (Stracture used to store chant marker point coordinates ). . .
ChartX YResData (Struchure used by the plugin to pass back results Df K‘f ry'pc charl calculauun 3
FunCalclata (Structure used o provide the DSP function with data for caloulation b . . . . -
FunCalcInitData (Structure usad to initialise the calculation structures of a DSP function l
FunCalcResetlata (Structure used to reset the calculation structures of a DSP function
Funlnfo (Structure eturning information about implementad DEP function » . . . . . . . .
PlgArginfo (Structure returning information sbout selected argument of a function ) . . . .
PlgCustomOptCigData (Structure used in custom options configuration requeses » . . . . .
PlglataSe lectinfo (Structure returning information about the time pcm)d salection anans]yl:ls
ool calculation ) Ce .
PlglrataSe baction (Structure us:d w pn:w:ﬂc data for a selection od time pcrluda ) ..... -
Plghi Setinfo (Structure returning information about the objects set provided by the 'plug:n L
PlgOptInfo (Structure retuming information about an option of a function » - -
PlgPeriodData (Structure used to provide data for a specified time pcno-d ).
FlgReglinfo (Structure used in plugin registration functions }
Fluginlnfo (Structure returning information about the plugin ). . .
StatsCalcDhata (Structure used to provide the function with data for cal.culatl.cm fcrsml.a Fum:tl.cvm il
StatsCalcInitDiata (Structure used to initialise the calculation structures for stats functions )
StatsCalcResetData (Structure used to reset the calculation structures for stats functions )
StasFunlnfo {Structure returning information about implemented stats functions ) . . . . .
ToolCalcData (Structure used to provide data for an analysis tool calculation d . . . . _ . .
Toollnfo (Structure retuming information about implemented analy sis tools )
ToolResult {Structure used to retrieve reults of an analysis tool calculation . . . B
ToclResultinfo (Structure used o retrieve results info of an analysis tool -Eah:ulallun oL

£ emacs@HEX
File Edit Options Buffers Teools C  Help

De@x @B 5 % @B

il -
S Main distributor function

i

#pragma argsused

#*) result )

*)}) resualt )

*)} data), (int

*) xTesult )

WORD _ stdecall plgmain(const WORD regld, PVOID data, PVOID result)
i
WORD errorCode = ICHMPL ERE_NONE:?
switch (regId) {
case ICMFL REQ PLUGIN INIT:
S/ Perform plugin initialisation
errorCode = initialisePlugin():
break;
case ICMFL REQ PLUGIN FREE:
S Perform plugin cleanup
errorCode = finalisePlugin() s
break:;
case ICMPL_REQ PLUGIN INFO:
S/ Reguest for information about the plugin.
errorCode = getPluginInfo({ (FluginInfo
break:;
case ICHMPL_REQ REG TNFO:
S/ Reguest for information about the plugin
errorCode = getRegInfo( (PlgRegInfo
break:
case ICHMPL_REQ REGISTER:
S/ Reguest to register the plugin.
errorCode = registerLicense (| *((PlgRegInfo
break:
case ICMPL_REQ FUNSET INFO:
/S Reguest fo
// the plugin.
errorCode = getFunSetInfo({ (FlglhjSecInfo
break;
— N ——— dsp main.c 67% Li1l44 (C/1l Abbrew)

registraction.

=)

result ) ;

information about the DSP function=s set implemented by

m




Advanced features: Plugins

Buffers Tools

C Help
| & | & =a B

S Main distributor function

i

#pragma argsused

WORD _ stdecall plgmain(const WORD regld, PVOID data, PVOID result)
i

Chapter 3

Data Structure Index

31 Data Structures

WORD errorCode = ICHMPL ERE_NONE:?
switch (regId) {
case ICMFL REQ PLUGIN INIT:

Herme are the data structares with brief descriptions:
ChartBarResData (Struchure used by the plugin to pass back results bearlypc chart calculation 3 35

ChartCalcData (Structure used to provide data for chart calealation » . . . . . ... 37 o — - c s - -

ChanCrgData (Structure wsed to configune the chart calculation structunes 1 . . 38 S/ Perform pj_'"‘?“_" :I_r_‘_:l_t,:Lal:L?at,:Lor_

ChartErorBarResData (Struchure used by the plugin to pass back resulis of emror bar rypc chart errorCode = initialisePlugini():
calculation b . . . . ... L. L. ..o - 39 break:;

ChartInfo { Stmucture mlummg merInsLLcm about m\pEnEnEdchaﬂs ] e e e e e
Chartl_abels {Structhure used to by
ChariMarkerData (Structure used)|
CharPoint (Structure used to stor
ChanX ¥ ResData (Struchue used|
FunCalcata {Stracture used to pf
FunCalcInitData (Structure usad
FunCalcResetlata (Structure uss
Funlnfo (Structure Eeturning info
PlgArginfo (Structure returning i
PlgCustomOptCigData (Stroctur
PlglataSe lectinfo (Stmacture reit)
ool calculation )

PlglrataSe baction (Structure wse.d
PlgihSetinfo (Stracture reburmin|
PlgOptInfo (Structure returning i
PlgPeriodData (Structure used to
FlgReglnfo (Structure wed in ph
Fluginlnfo (Structure returning i
StatsCalcThata (Strocture used o
StatsCalcInitData (Structure used|
StarsCalcResetData (Sructure
StasFunlnfo {Structure returning
TolCaleData (Structure used o
Toollnfo (Structure retuming inf
ToolResult {Structure used to retr]
ToolResultinfo (Structure used Eo|

Organize Share with Mew folder

=] -

m @

-

3t Favorites Documents library

Arrange by:  Folder =
Bl Desktop Functions

& Google Drive
il Recent Places Brion.
2= Dropbox
& iCloud Drive

% iCloud Photos

m

XLCalib.dll

CadiacOutput_PI Moninvasivel CP.d
| acek_ICMPlugin, 1}
dll

F (int *) result };
= Libraries
|:_EI Documents
a Documents Set implemented by

Public Documents

b
@ Dropbox (C:)
J’ Music

= Pictures

B videos i
’ 3 items State: 38 Shared




Advanced features: Plugins

Chapter 3

Data Structur ICM+ Registration Status #

3rd Party Plugins i
Registered To: peter

Institution: University of Cambridge Signal Processing Functions

31 Data Structures

Registration Valid Until : 08/12/2016 NoninvasiveICP Registered
Here are the data structures with bris . NoninvasivelCP

E:zi‘:{‘?‘hﬂﬁt‘;ﬁ?’fﬁ Begistered Eealuses Summary Statistics Functions
S:zﬁji!;;‘;;i‘:};‘ﬁ?;ﬁ Data Acquisition And Real-time Analysis v
i f";‘m“’;:‘j;’ JERTET Customisable Analysis Configuration W MSEntropy Registered {99999 days left)
Chart] abels (Structure wed o b Raw SianalsRecording v Multiscale Entropy function
et it e o s Off-line Analysis of Raw Signals v 4 -
ot s Thtn Gitemtos ] 5 a Cardiac Output Unregistered/Expired
FunCelcData (Seructure used o p CSF Dynamics Tools v 4 Proporional Cardiac Otk
unCalcing 12 (Sircture s ]
FunCalcRese{Data (Structure usa Cerebrovascular Reactivity Tools v

Funlnfo (Structure eturning infiod
FlgArgInfo (Structure retorning i
PlgCustomOptCigData (Stroctur
PlglataSe lectinfo (Stracture re

ool caleulation 3 . . .
PlglrataSe baction (Structure wse.d
Plgi¥hSetinfo (Stracture reburmin|
PlgOptInfo (Structure returning i
PlgPeriodData (Structure used to

Custom Data Charts

> Redister New Key MSEnChart Registered (99999 days left)
Multiscale Entropy Chart

Installed Monitor Modules

fion.

Poincare Chart Plugin Registered (20 days left)

PlgReglnfo (Structure used in ph DTS800 sas s

Flugininfo (Structure returning & - This is an example of a chart pluginina dll format

StatsCalcData (Structure used to Simulator

StatsCalcInitData (Structhure usead|

StatsCalcResetData (Sructure us M pR

StasFunlnfo {Structure returning - M o .
TeolCalcData (Structure used to g Spiegelberg {int *) result };
Tocllnfo (Structhure returning infg =

ToclResult {Structure used to retr] Intellivue

ToclResultinfo (Structure used Eo|

it implemented by

= Pictures
B videos

l 3 items State: 38 Shared




Advanced features: Plugins

Chapter 3

Data Structur ICM+ Registration Status % Ird Par—t}f PIUgirIE- -
Registered To: peter
Institution: University of Cambridge Plugins Details ﬁ

3.1 Data Structures
Registration Valid Untl : 08/12/2016

Here are the data structures with briz FPlugin name: Cardiac Output Ver.: 1.0

Chart BarResDiata (Structure used|

Registered Features Plugin type:
Data Acquisition And Real-time Analysis
Customisable Analysis Configuration
Raw Signals Recording
Off-line Analysis of Raw Signals
CSF Dynamics Tools
Cerebrowvascular Reactivity Tools

Summary Statistics Functhons
Flugin author: Michal M. Placek
Author Email: michal.placek@pwer. edu. pl

Cardiac Output (CO) estimation using raw ABP signal.
Proportional CO is computed to within a constant scale
factor wia Ohm's law by dividing average ABF by
Windkessel time constant., Based on the paper:
Mukkamala R, et al. "Continuous cardiac output

CharCalcData (Structure used to
ChanCfgData (Structure used to
CharErrorBarResData (Simacture|

calculation ¥ . . . . ..
ChartInfo (Struchure refuming inl
Charil_abels {Structure used to b
ChariMarkerData (Structure used)|
Char Point (Structure used to sio
ChartX Y ResData (Structure used|
FunCalcata {Stracture used to pf
FunCalcInitData (Structure usad
FunCalcResetlata (Structure uss
Funlnfo (Structure eturning infod
PlgArginfo (Structure returning i
PlgCustomOptCfgData {Seroctur
PlglataSe lectinfo (Stracture re

ool caleulation 3 . . .
PlglrataSe baction (Structure wse.d
PlgihSetinfo (Stracture reburmin|
PlgOptInfo (Structure retuming iy

LALAAS

#s Register Mew Key
Web:

lEI Installed Monitor Modules Registration Valid For :  Unregistered /Expired

PlgPeriodData (Structure used to

FlgReglnfo (Struchure used in - : .

],.ﬂ,—"nﬁ,,ﬂ lsmmmmmﬁ DT2s00 Enter new registration key:

StatsCalcData (Structure used to Simulator

StatsCalcInitData (Structure usead|

StatsCalcResetData (Structune s MPRE

StasFunlnfo {Structure returning . M o .
ToolCaleData (Structure used to | Spiegelberg (int *) result ):
Toolinfo (Struchre returning info) .

ToolResult (Structure used to et Intellivue

ToclResultinfo (Structure used Eo|

it implemented by

= Pictures
B videos

l 3 items State: 38 Shared
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nICP plugin fo

r I C M + Plugins Details

FPlugin name: Moninwasivel CP

FPlugin tvpe: Signal Processing Functions
Flugin author: Ronny Plantke
Author Email: b schmidb@ske, de

9Y0Z21RL.DTA fimport) - ICK+ (v, 7 RC 2) =

Hormne Charts Daka
Moninvasive Intracranial Pressure Plugin
Medical Centre Chemnitz, Department of Meurology
Y | 888 \‘a ICP Calculation Moduls
Signals Calculations Save Load Skark Skop Flewy Tl FMonibar Tests Signal Artefacts developed by B. Schmidt, 3. klingelhtfer, M. Czosnyka
= . : FPatent Mo, 12345
Profile  Profile Moke Event Calculakor Editor
analysis Configuration Zontrol Panel Data Tools web: buschmidt@ske.de

&~ Series | &% Clinical Notebook

Current Series a All signals a

abp
" 2bE 150
Fur 0’ 0 —
] nonin fwr = 100
0,0

Registration Valid For Unlirited

Enter news regisktration key:

kimport) - ICH+ (v, ¥ RC 22 -

~icp Real ICP
0,0

[au]

ok Sigrnal Artefacks
Calculakor Editor

Daka Tools

Formulas cache 0

n-;ninvICP

f !
Non-invaSive ICP 13:15 21/213:20 2172 13:25 21/2 13:30 21/213:35 21/2 13:40
Time scale: < 33 minutes > 21.02.1997 13:09:48 - 13:42:48 Real ICP

F

B &8 I H-a- @ 5@ T @ =

G ICPAWELY ORIGINALYIFOZZ21IRL.DTA n
Schmidt B at al: Adaptive non-invasive = Non-invasive ICP
assessment of cerebral autoregulation and ICP. 0,0

Stroke 34:84-89; 2003

~ UNIVERSITY OF

CAMBRIDGE

[au]

0N AV AnV A N ARV ARN A VAL NANVASNYAN A AV AN AV i N

03:39:35 03:39:40 09:39:42 03:39:44 03:39:46

Time scale: < 10 seconds > 19.10.1992 09:39:36 - 09:39:46
>




Writing plugins for ICM+ requires some fundamental programming skills

* Hi performance code —important for complex functions

* The code is distributed as a binary - protected, allowing 3™ party licensing




Writing plugins for ICM+ requires some fundamental programming skills

* Hi performance code —important for complex functions
* The code is distributed as a binary - protected, allowing 3™ party licensing
* Needs a full C/C++ development environment — eg Visual C++

or gcc for Windows and a good understanding of building dl|
libraries

* Every little change in the code, requires rebuilding the library
* The debugging process is tedious

* Small mistakes in memory handling may bring the whole parent
application, ICM+, crashing down — not idea in real time
analysis scenario




Writing plugins for ICM+ requires some fundamental programming skills

* Hi performance code —important for complex functions
* The code is distributed as a binary - protected, allowing 3™ party licensing
* Needs a full C/C++ development environment — eg Visual C++

or gcc for Windows and a good understanding of building dl|
libraries

* Every little change in the code, requires rebuilding the library
* The debugging process is tedious

* Small mistakes in memory handling may bring the whole parent
application, ICM+, crashing down — not idea in real time
analysis scenario

* In short, it needs a true coder




Enter new age clinical researcher ...

* New generation of clinicians are very used to scripting languages

* This is clear by the observed global shift away from GUI based statistical
packages like SPSS to command line /script based environments like R,
Matlab, or Python

r =
5 *Output1 [Document1] - IBM SPSS Statistics Viewer s [ [ B ]

. & 3 7 Fie Edt Code View Plofs Session - Build Debug Help
File Edit View Data Transform Insert Format Analyze Graphs Custom Utilities Add-ons Window Help Qi » & Box.Cox— LIDAR varibles selection Edu =

C)otintoducionRw « | ©]02.5RSRmw % | ] Dats analyis Kaimantan R « =0

OV M 5h (e F = /

A= [_J ! EH > < | == Sourceonsme  Q /.~ #Run | 5% [ ASouce | 2 Gl inportDatasets o Clear st~
|- = : § ] LY 5 P —— e et

202 kalimantansw. brown<-brown. moist. d(kalimantansdbh) PR R BT TS >

203 kalimantansw. yamakura<-yamakura. stem(kalimantansdbh, kalimantansh)+yamakura.branch(yamakura.stem(k
Okal.plot 94 obs. of 18 variables

o ammh S
-l i 204 kalimantansw, basuki<-basuki. mixed. d(kalimantansdoh ]
‘ = | IC 205 kalimantansw. samalca<-samalca. d(kalimantansdbh) Okalimantan 1953 04, of 44 varfables n
: 206 kalimantansw, hashinoto--hashisoto. d(kalimantansdbh
4 207 kalimantansw, kenzo<-kenzo. d(kalimantansdbh ©1sjenlar Ll s )

B {& output ; - 305 Kl lmancant ToyarTaya. A0k naneansthy. o . =
B DESCRIPTIVES VARIABLES=salary salbegin o S Jmvae Jarndial inwe o R envi rOnment )
0g 211 ka . -oho. d- e o
&- & Descript /STATISTICS=MEAN STDDEV MIN MAX. B ket imantanin. rore.d.h X " e
escriptives 214 plot(kalimantansdbh, Kali R Scrl t h with different models”, x1ab~"oeH Eim AR R s
Tite a5 oottt P e
Notes 4= 2}; vc:nts/:a| S :.’ . = N. TOT 2696, 5863280181
e % Descriptives 315 botnes kalinantansdbh kalinancansw. Kenzor cojn6y s ot Facages o Views =
Active Dataset 220 points(kalimantansdbh, kalimantansw.forda, col-7) E B Zoom | Mot | Q] |  Qearar
g 5 221 poins (kalimantansdbh, kalimantansw.jaya, col-8) = £
[ Descriptive Statist 333 Potnesckalinancansdbh, kaluancante:nudroh.d. co3-10 Biomass estimation per plot with different models
[DataSetl] U:\SPSS\Workshops\Data\Employee data.sav 2 | e U aihniabinh, i ek it aiigroho. d.h, colai; T
226 legend(10,8000, c("srown”, "vamakura”, "sasuki”, “samalca”, "Washimoto", "Kenzo", "Forda”, “laya”, g - H
227 ° ]
228 = o ° -
# summing all values per plot and nested plot - o - i i
Descriptive Statistics §§§ b(mplol:br:;ﬂ\ a3. dura, £rame (Capp 1y Ova) thamanse. brown, 115t 0ka _id, kali bpl - % g il s P B a5
N Minimum | Maximum Mean Std. Deviation 2oL Qunnen © : news = 84 1 LT T L !
o H i 1
: o = s HHg15:BH1H
£ S 7 <
. A Porhei a o s & =T ] e
Current Salary 474 $15,750 | $135,000 | $34,419.57 $17,075.661 > Kal.plot<-merge(Kal.plot, Dmed.Hmed. piot, by="Plot”) = © g A I P
Beginning Salary 474 $9,000 $79,980 | $17,016.09 $7,870.638 — e i S Rl =
> # calculating the
Valid N (listwise  Kal-plotsdg<ssare((askal.plots R I R
= = : console raphical output
1 L | Y I ;PR )

[IBM SPSS Statistics Processor is ready| |Cases: 100 [Unicode:ON |




If statistics programs were cars ...
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If statistics programs were cars
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Algorithmic thinking and scripting is becoming a second nature to our youngsters

Brief Computing curriculum highlights include:

St Faith's g . ‘ '_ -y = Year 3 control a screen turtle to draw complex patterns using just a few lines
CAMBRIDGE = # b OfCOdE
c— : ; el « Year 4 use ProBots, rohotic floor toys with programmable sensors that link in

with their understanding of angles in maths

« Year 5 pupils write their own games in Scratch and put them on our Virtual
Learning Environment for other children to play, view the code, and leave
feedback

« Year 6 program Raspberry Pis to switch lights on and off and control buzzers

and switches

« Year 7 children take part in the Robot Olympics: small groups of children
design, build, program and test a robot, then race against each other to see
whose is the fastest

. ; . . PR : Prep (Age 7-13)
Computing combines logic and creativity in problem-solving, § . . . .
while also enabling competence and confidence in the use of Education For The Future « Year 8 pupils write their own text adventure games using Python
developing technologies. BN
Learning at St Faith's
)
HE H; i ' : - » ~ [}




What is Python

* It is a fully Object Oriented scripting language, with easy, intuitive syntax,
and a huge library base, including many complex maths, signal processing
and stats libraries, also machine learning support. Easy to install, easy to
use (for the modern clinical researcher).




Extending ICM+ with Python
e P

Scripting

numpy np
scipy stats

class Correlation v2:

def set parameter(self, param name, param value):
setattr(self, param name, param value)

def init_ (self):
self.sampling freq

def calculate(self, sigl, sig2,
X = np.compress(~bad, sigl)
y = np.compress(~bad, sig2)
R, p = stats.pearsonr(x, y)

self.pValue True:
p

Brain Physics Lab




Extending ICM+ with Python wafeon | ot

|| Scripting ||

python

Share View
.« Users » Public + Documents » ICM+ » Plugins » functions » pythen

numpy np
scipy stats R Name
ﬁ par_corr_module.py

ﬂ partial_co py
=] partial_correlation.xml

class Correlation v2: :
C | _pycache_

def set parameter(self, param name, param value):
setattr(self, param name, param value)

def init_ (self):
self.sampling freq

def calculate(self, sigl, sig2,
X = np.compress(~bad, sigl)
y = np.compress(~bad, sig2)
R, p = stats.pearsonr(x, y)

self.pValue True:
p

Brain Physics Lab
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Home — — Tools

- p [r=s)

Pythaon
Flugin
Scripting ”

Minimi
Ribbod

Extending ICM+ with Python &
|

python

Share View

<« Users » Public » Documents » ICM+ » Plugins » functions » python

np
stats

numpy
scipy

Mame

class Correlation v2:
| _pycache_

Primary Analysis Configuration Editor

Calculation Window Specification Valid values range

Calculation Period : |0 Max Value :

Min Value :

def set parameter(self, param name, param value):
setattr(self, param name, param value)

Enabled Update Period : |0

Formula:

+ Insert Function Arguments : <none> <none> <none>

def init_ (self):

self.sampling freq - None

Function : Options:

Delete

def calculate(self, sigl, sig2,

X = np.compress(~bad, sigl)
y = np.compress(~bad, sig2)
R

» p - stats.pearsonr(x, y)

self.pValue True:

p

Function description:

Callculates linear partial correlation between two input data seguences,

SEqUENCe.

5 Keyboard

DI'adlll

centroling for the third input data

FltyolCos Ldu A\




And if you are feeling particularly playful ....

Virtual workstations with ICM+ and Python installed

& Remote Desktop Connection - X

Remote Desktop
» Connection

Computer: 51.140.158.41] v

Usermame: Mone specified

You will be asked for credentials when you connect

¥ | Show Options Connect Help




Lunch will be served at 12:30 in Alma (the student restaurant)

* Virtual servers set up for you to play

51.140.158.41 Lunch sponsored by

51.145.54.187 ' .

51.145.54.65

* User:icmpugm
e Pass: leuven2019




