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Multimodal monitoring in NCCU
at the University Hospital in Wroctaw
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biomedical engineering students



Task 1: Spectral analysis of ICP signal

in time domain
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Spectral analysis using ICIM+ chart tool

- examplel_r2.dta (import)

afll [ BN 7
Add Add Edit
Page Panel | Layout

Time scale: <29 minutes, 33 seconds >  28/06/2006 15:36:38 - 16:06:11
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Spectral analysis using ICM+ configuration profile

Name : Calculation Window Specification Valid values range

AMP_ICP | Calculation Period : |10 Max Value : |0

# On Line Analysis Configuration Dialog

Enabled
Virtual Signale  Primary Analysis  Final Analysis

Formula:
m MName Formula Calc. Window [5] Updated [z] Min

AMP_ICP FundAmp( icp, LWR=18UPR=1.38WND=HAMM' ) 10 10 0
ficp Mean( icp } 10 10 0

Delete

Function ¢

Function c

— Delete ?E.] Clear Auto Fill Default Period [s]:

¥ cancel Save Load 5 Advanced 5 Keyboard




Spectral analysis using ICM+ configuration profile

&) Clinical N

AMP_ICP

[ mm_Hg]

[ mm_Hg]

Time scale: < 29 minutes, 30 seconds >  28/06/2006 15




Short summary

* Fourier spectrum analysis reveals frequency compnents of a signal
(e.g. ICP slow, respiratory and pulse waves)

* You can plot a spectrum chart of the signal and calculate aplitude of
its frequency components using ICIV+ t00!S g

 Amplitude of the ICP pulse waveforms increases with rising mean
ICP during infusion test



Cerebral arterial inflow

CBF(0) Cerebral arterial blood volume (C_BV)
mean
CBF,
== () (
ACBV = [ (CBF,(s)- CBF,(s))ds

t

CBFv(t) Cérebral venous outflow

CBV(t) |

A

mean _
CBV

t1 t2 t t
Cerebral blood volume AC BV = Saj(CBFVa (s)-meanCBFV _)ds
t

0
Avezaat CJ, van Eijndhoven JH. (1986) The role of

R-R interval the pulsatile pressure variations in intracranial
of ECG > pressure monitoring. Neurosurg Rev 9:113-120
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C_BV estimation using a ICM+ signal calculator

Signal
Calculator

Page1 B3
abp

[ mmHg]

[ mmHg]

Time scale: < 28 minutes, 44 seconds >  21/07/1993 13:07:11 - 13:35:55
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CaBYV pulsation
and shape of pulse waveform of ICP

JOURNAL OF NEUROTRAUMA 27:317-324 (February 2010)
Mary Ann Liebert, Inc.
: 10.1089/neu.2009.0951

What Shapes Pulse Amplitude of Intracranial Pressure?

Emmanuel Carrera, Dong-Joo Kim, Gianluca Castellani, Christian Zweifel, Zofia Czosnyka,
Magdalena Kasprowicz, Peter Smielewski, John D. Pickard, and Marek Czosnyka

Abstract

The pulsatile component of intracranial pressure (ICP) has been shown to be a predictor of outcome in normal
ressure hydrocephalus (NPH) and traumatic brain injur ). Experimental s ave -ated that the
amplitude of ICP (AMPicp) is endent ¢ g n ICP (mICP), and on the pul plitude of tht cerebral
blood volume NPcapv) ording to the exponential craniospinal compliance curve stuc
md A]\IPL gy on AMPjcp in patients with NPH (infu
(spontaneou g2). W 7 ‘ 25 NPH and 43 TBI patients with continuo
ICP and ce DO i : s assessed with transcranial doppler. /
{ 13\ on L\I\'IPICP were determined usin

in NPH patients than in TBI patients (parti <
as more dtptlld.tllt on AMI v in pahtnta with TBI than in those w 1th NPH ( b =0.86 ve
) 3 5 in mean ILP during cere
(CSF) infusion stud mn pahtnt S W 1th NPH and ¢ arteriz (
patients. Further clinical studies will reveal wheth
than mICP in TBI and NPH patients.

Key words: cerebral blood flow autore
erative disorders; traumatic brain injury




Short summary
* C_BV has a pulstile component

* Amplitude of pulse changes in C_BV can be calculated using ICM+

during plateau waves in TBI



Task 3: Compartmental compliances of brain

Cerebral arterial compliance (C,)

o
fluid (CSF) storing

C;

Cerebrospinal + venous compliance (C))
Ampcan

C, =
AmpICP



Task 3: C, and C. estimation

p

using ICM+ configuration profile T

# On Line Analysis Configuration Dialog

Virtual Sig

Calculation Window Specification Valid values range

Calculation Period : Max Value: |0

A

Enabl

# On Line Analysis Configuration Dialog
Virtual Signale  Primary Analysis  Final Analysis

Form
Formula Cale. Window [8]  Updated [3] Win Wax En

abp
icp
fix Virtual Signale  Primary Analysis  Final Analysis
AMP_CaB

sup_app | DataAcquisition Period [s]: Adjust Calc. Period

ANMP_FV

# On Line Analysis Cenfiguration Dialog

Formula Calc. Window [g] Updated [s] Min Max
abp Mean(abp} 10 10
icp Mean(icp) 10 10
fx Mean(fvx) 10 10
ANMP_CaBV Mean(AMP_CaBV) 10 10
AMP_ABP Mean(AMP_ABP) 10 10
ANP_FV Mean(AMP_F\) 10 10
ANMP_ICP Mean(AMP_ICP) 10 10
Ca Mean( AMP_CaBV JMean( AMP_ABP ) 10 10
Ci Mean( AMP_CaBV MMean( AMP_ICP ) 10 10

Modify + Add = Delete @ Clear Auto Fill Default Period [g]:

X Cancel Save Load k3 Advanced 9 Keyboard



Task 3: C, and C. estimation
using ICM+ configuration profile e

Home

AMP_CaBV

AMP_ABP

AMP_ICP

1 7 1

Time scale: < 28 minutes, 40 seconds > 21/07/1993 13:07:15 -1




Relative changes in C_ and C, during
plateu waves

30 (2009) 647659

The monitoring of relative changes in compartmental
compliances of brain

hrl-tl'm Z“ t'lft'll -\.I]dl‘t‘l Lavinio

1\_]1ch.1e1 P F Sutcliffe?, John D Picka rd] and
Abstract

The study aimed to develop a computational method for assessing relative

changes in compartmental compliances within the brain: the arterial bed

and the cerebrospinal space. The method utilizes the relationship between

pulsatile components in the arterial blood volume, arterial blood pressure

(ABP) and intracranial pressure (ICP). It was verified by using clinical

recordings of intracranial pressure plateau waves, when massive vasodilatation

accompanying plateau waves produces changes in brain compliances of the

arterial bed (C,) and compliance of the cerebrospinal space (C;). Ten patients

admitted after head injury with a median Glasgow Coma Score of 6 were

studied retrospectively. ABP was directly monitored from the radial artery.

Changes in the cerebral arterial blood volume were assessed using Transcranial

Doppler (TCD) ultrasonography by digital integration of inflow blood velocity.

' =0.001), CPP decreased (P = 0.001),

hlnod flow \-'E']ocit\,-' decreased (P =

reased slﬂ‘nl]'li. antly

concluded that the method allows for continuous monitoring of relative changes
in brain compartmental compliances. Plateau waves affect the balance between




Short summary

* Monitoring of the relative changes in compliances of arterial bed

(C,) and cerebrospinal space (C) is possible by using pulse
waveforms of arterial and intracranial pressure and cerebral blood

flow velocity

* C,increases and C. decreases during plateau waves



task 4: Cerebral arterial time constant (t)

v time to fill cerebral arterial bed with blood volume after
a sudden change in ABP during one cardiac cycle

1=C,_-CVR

meanCPP
meanCBFV-S,

Czosnyka M, Piechnik S, Richards HK, Kirkpatrick P,
Smielewski P, Pickard JD.
Contribution of mathematical modelling to the interpretation of bedside
tests of cerebrovascular autoregulation.
J Neurol Neurosurg Psychiatry. 1997, 63(6):721-31




task 4: Cerebral arterial time constant (t)

v time to fill cerebral arterial bed with blood volume after
a sudden change in ABP during one cardiac cycle

t=C_-CVR [s]

/ \

x°AmpCaBV meanCPP
AMp,.. meanCBFV @

Kim DJ, Kasprowicz M, Carrera E, Castellani G, Zweifel C, Lavinio A, Czosnyka M, Piechnik S, Richards HK, Kirkpatrick P,
Smielewski P, Sutcliffe MP, Pickard JD, Czosnyka M. Smielewski P, Pickard JD.
The monitoring of relative changes in compartmental compliances of Contribution of mathematical modelling to the interpretation of bedside
brain. tests of cerebrovascular autoregulation.

Physiol Meas. 2009 Jul;30(7):647-59 J Neurol Neurosurg Psychiatry. 1997, 63(6):721-31



task 4: T estimation

using ICM+ configuration profile

# On Line Analysis Configuration Dialog

Virtual Signals  Primary Analysis  Secondary Analysis 1 Final Analysis

# On Line Analysis Configuration Dialog

Nam Wirtual Signals -2 On Line Analysis Configuration Dialog -

ab
i,:pp Virtual Signale  Primary Analysis  Secondary Analysis 1 Final Analysis
fu Name N . =
Data Acquisition Period [s] : 10.0 Adjust Calc. Period
AN abp i
AN icp
AN fux Name Formula Units Cale. Windo... Updated [g] Min Max En.
AME | AMP_CaB T Mean(abp} 10 10 0 0 ¥
cPp ’i"r'w-’t*BF icp Mean(icp) 10 10 0 0 ¥
;:: s‘::'; T Mean(fvx) 10 10 0 0 Y
- AMP_CaBV Mean{AMP_CaBV) 10 10 0 0 by
E? AMP_ABP Mean(AMP_ABF) 10 10 0 0 Y
¢l ANMP_FW Mean{&MP_FV) 10 10 0 0 Y
ANMP_ICP Mean(AMP_ICP) 10 10 0 0 Y
Ca Mean(Ca) 10 10 0 0 A
Ci Mean(Ci) 10 10 0 0 W
CPP Mean(CPF) 10 10 0 0 Y
CVR Mean(CWVR} 10 10 0 0 Y
tau Mean( Ca y*Mean{ CVR } s 10 10 0 0 A i
Modify + Add — Delete QEJ Clear Auto Fill Default Period [5]:

v OK X Cancel Save Load 5 Advanced 7 Keyboard




task 4: T estimation
using ICM+ configuration profile

ICM+ - exampled_r1.dta (an

12

me scale: < 28 minutes, 40 seconds >  21/07.




Cerebral arterial time constant

In experimental studies
Neurol Res. 2012 Jan:34(1):1/7-24.

Cerebrovascular time constant: dependence
on cerebral perfusion pressure and end-tidal
carbon dioxide concentration

Marek Czosnyka’, Hugh K Richards®, Matthias Reinhard?, Luzius A Steiner3,
Karol Budohoski’, Piotr Smielewski®, John D Pickard?, Magdalena Kasprowicz**

*Academic Neurosurgical Unit, Addenbrooke’s Hospital, Cambridge, UK, 2Department of Neurology, University
of Freiburg, Freiburg, Germany, *Department of Anaesthesiology, Lausanne University Hospital Center and
University of Lausanne, Lausanne, Switzerland, “Institute of Biomedical Engineering and Instrumentation,
Wroclaw University of Technology, Wroclaw, Poland

Objective: The cerebrovascular time constant (t) describes the time to establish a change in cerebral blood
volume after a step transient in arterial blood pressure (ABP). We studied the relationship between z, ABP,
intracranial pressure (ICP), and end-tidal carbon dioxide concentration (EtCO,).

Method: Recordings from 46 anaesthetized, paralysed and ventilated New Zealand rabbits were analysed
retrospectively. ABP was directly monitored in the femoral artery, transcranial Doppler (TCD) cerebral
blood flow velocity (CBFV) from the basilar artery, and ICP using an intraparenchymal sensor. In nine
animals end-tidal CO, (EtCO,) was monitored continuously. ABP was decreased with injection of
trimetophan (n=11) or haemorrhage (n=6) and increased by boluses of dopamine (n=11). ICP was
increased by infusion of normal saline into the lumbar cerebrospinal fluid space (n=9). Changes in cerebral
compliance (C,) were estimated as a ratio of the pulse amplitude of the cerebral arterial blood volume
(CBV) and the pulse amplitude of ABP. Changes in cerebrovascular resistance (CVR) were expressed as
mean ABP or cerebral perfusion pressure (CPP) divided by mean CBFV. Time constant t was calculated as
the product of CVR and C,.

Results: The time constant changed inversely to the direction of the change in ABP (during arterial hypo-
and hypertension) and CPP (during intracranial hypertension). C, increased with decreasing CPP, while
CVR decreased, During & GCTEase T CPF, changes n C. exsaeded changes In OVR. In contrast, uring
hypercapnia, the decrease in CVR was more pronounced than the increase in C,, resulting in a decrease
nr.

Conclusion: Cerebrovascular time constant  is modulated by ABP, ICP, and EtCO,.

Keywords: Cerebral blood flow, Cerebral blood volume, Transcranial Doppler, Experiment



Short summary

1 conceptually shows how fast brain arterial blood
volume settles after step change in ABP

« t has units [s] therefore comparison between
patients is possible

 t changes inversely to direction of change in CPP
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