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Description
FIELD OF THE INVENTION

[0001] This invention relates to a method and system of identifying the ischemic lesion, particularly for identifying the
penumbra and infarct regions reflecting the tissue status of acute stroke.

BACKGROUND

[0002] Stroke is one of the major diseases causing death and disability. While stroke can be hemorrhagic and ischemic,
the majority of stroke is ischemic due to a sudden blockage of blood supply to whole or part of the brain. During a stroke,
the viability of the ischemic lesion depends on the level and duration of compromised blood flow. Within hours of the
onset of a stroke, the ischemic lesion can consist any of the two types of tissues: (1) an infarct core of irreversibly
damaged tissue; and (2) a penumbra region with reduced blood flow that is at risk of further infarction, but the tissue is
salvageable by quick restoration of blood supply to the region. The process of measuring blood perfusion hence identifying
the infarct core and penumbra in acute stroke non-invasively can provide important information to a physician in order
to determine an appropriate treatment regime for the patient, such as thrombolytic therapy for an acute ischemic stroke
patient.

[0003] A number of systems pertaining to depicting the ischemic penumbra and infarct core in acute stroke have been
disclosed. In general, the systems involve a contrast agent delivered as an intravascular bolus during a dynamic imaging
session such as computerized tomography (CT) or magnetic resonance imaging (MRI). The temporal profile of the image
intensity in a pixel or region of interest (ROI) reflects the characteristics of the contrast agent hence the blood passing
through the vasculature. The typical method of obtaining quantitative perfusion indices involves several steps including:
(a) convert the signal intensity profile to the contrast concentration profile depending on the type of imaging modality;
(b) measure the arterial input function (AIF) from a feeding vessel to the tissue of interest; (c) extract the tissue impulse
residue function (IRF) from the tissue profile and the AIF using deconvolution; (d) calculate quantitative perfusion indices
including cerebral blood flow (CBF), cerebral blood volume (CBV) and mean transit time (MTT) using the IRF. It practice,
it is difficult to measure the AIF from a blood vessel immediately feeding the tissue of interests. Instead, a global AlF
is often detected from a large blood vessel such as the internal carotid artery (ICA), middle cerebral artery (MCA), or
anterior cerebral artery (ACA).

[0004] United States Patent No. 6792302 describes a method using dynamic CT perfusion for creating penumbra and
infarct images. Certain threshold values are applied to the measured cerebral blood flow (CBF) or mean transit time
(MTT) to identify the ischemic lesion, which is further classified into lesion into penumbra and infarct by applying certain
threshold values to the measured cerebral blood volume (CBV). However, the CBF and CBYV values in normal gray
matter are higher (usually about 2 to 3 times) than those in normal white matter, applying the same CBV or CBF threshold
values to gray matter and white matter may not be able to delineate the penumbra and infarct regions accurately. Further,
in the case of major vessel disease such as acute stroke, a measured global AIF; from a large artery is often associated
with a delay and dispersion effect before it reaches the ischemic tissue, causing overestimation of the MTT and under-
estimation of the CBF calculated by the normal deconvolution technique. Hence method using MTT or CBF thresholds
for identifying the ischemic lesion has the potential to systematically overestimate the extent of the ischemic lesion and
the penumbra.

[0005] Anothermethod forevaluating novel stroke treatments using a tissue risk map has been disclosed in International
Patent Application WO200156466 A2, where a GLM algorithm is used combining T,-weighted MRI, DWI, ADC (apparent
diffusion coefficient), CBV, CBF and/or MTT measured by diffusion-weighted MRI (DWI) and perfusion-weighted MRI
(PWI). Again there is no taking into the account the delay and dispersion effect, hence potential CBF underestimation
and MTT overestimation may leads to overestimation of the ischemic lesion and penumbra.

[0006] United State Patent No. 5685305 describes a MRI method for detection of abnormal blood flow by measuring
the "arrival delay map" calculated from the signal intensity curve. Without using de-convolution of an AIF, the "arrival
delay map" value can be influenced by the contrast injection rate and patient cardiac output for a specific scan. Hence
this parameter is a relative indicator for the region with abnormal blood flow. Further, no dispersion effect has been taken
into account, and there is no disclosure about how to identify the ischemic penumbra.

[0007] The International Patent Application No WO2005104936 A1 (to the present applicant) has disclosed a method
for improved perfusion measurements by taking into account the delay and dispersion effect, resulting in more accurate
perfusion measurements including CBF, CBV, MTT and DT (arterial delay time). However, there is no disclosure about
how to identify the ischemic penumbra.

[0008] In addition, perfusion imaging data often has substantial noise fluctuations particularly for dynamic CT perfusion
data acquired with protocols of low radiation dosage. The simple threshold method mentioned above may produce false
candidate pixels as ischemic penumbra and infarct regions due to image noise. Therefore it is desirable to further apply
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cluster analysis to discriminate isolated small regions or pixels from larger clusters of connected pixels reflecting the
true ischemic lesion.

[0009] The present invention seeks to substantially overcome, or at least ameliorate, any one or more of the above-
mentioned disadvantages.

SUMMARY OF THE INVENTION

[0010] According to a first aspect of the invention there is provided a method of identifying the ischemic lesion by
operating a computer program on perfusion imaging data input according to the steps in claim 1.

[0011] The method may further include the step of applying motion correction after loading the data to compensate
for motion artefacts due to the movement over time of the subject, such as a tissue or organ. The method may further
comprise the step of determining a global arterial input function (AIFg) from a major artery, and a venous output function
(VOF) from a large draining vein. The VOF can be used to scale up the AIFg profile to minimize a partial voluming effect
from the AIF .

[0012] The method may further comprise the step for deriving various perfusion maps using a model-free deconvolution
technique such as the singular value decomposition (SVD) technique, which can be modified by taking into account
arterial delay and dispersion effects. Deconvolution of the AIFg from a tissue profile produces a tissue IRF, where the
maximum of the IRF appears at certain time point, Tmax, where Tmax=0 reflects normal blood supply in normal tissue.
However, Tmax>0 is often associated with acute ischemic lesion due to arterial delay and dispersion effect. Such arterial
delay and dispersion effects can be taken into account by an arterial transport function base on International Patent
Application No PCT/AU2004/000821, where the dispersion scan be determined by a relative dispersion factor and the
delay time. The current invention further uses an iterative deconvolution approach by looping through a series of delay
time values, DT,, ranging from 0 to Tmax. For each delay time, a modelled arterial transport function is convolved with
the measured global AIFg to produce an AlF;, which is used for SVD deconvolution of the tissue curve to generate an
IRF; with its maximum appears at Tmax(i). The actual delay time, DT, is determined as the minimum DT; value which
produces Tmax(i)=0. Subsequently, CBF and CBYV can be determined by the maximum and integral of IFR,; respectively,
with MTT=CBV/CBF.

[0013] The method may further comprise the step of repeating the iteration process on a pixel-by-pixel basis to produce
various perfusion maps for further analysis in order to identify the ischemic lesion and penumbra.

[0014] The method further comprises setting the predetermined first value for DT threshold to be 3 or 4 sec.

[0015] The method further comprises setting the second value for CBV threshold to be 9 mI/100g representing the
low CBV limit for a blood vessel.

[0016] The method may further comprise setting the predetermined third value for DT threshold to be 10 sec.
[0017] The method may further comprises setting the forth value for CBV threshold to be 1.5 ml/100g, or 50% of the
average CBV value in normal tissue measured from the same subject.

[0018] The method may comprise the step of cluster analysis by applying morphological operators such as opening
and closing with a kernel size determined by the predetermined fifth threshold value of minimum lesion size with a typical
value of 3 to 5 mm.

BRIEF DESCRIPTION OF THE FIGURES

[0019] The objectives and advantages of the present invention will be understood by reading the following detailed
description in conjunction with the drawing, in which:

Figure 1 is a side view of the head of the subject indicating flow of the contrast agent through a region of interest,
such as a tissue;

Figure 2 is a block diagram showing a communications network including a number of scanners linked to a data
storage system and a processing system;

Figure 3 shows various graphs against time at different parts of the subject’s head as the contrast agent traverses
the region of interest and the input artery;

Figure 4 shows a plot whereby an input arterial profile for a small artery exhibiting partial voluming is scaled up
based on a vein profile; and

Figure 5 is a flow diagram showing steps performed by a computer program to obtain values for the blood perfusion
indices such as BF, BV and MTT.

Figure 6 is a block diagram showing a communication network including a number of scanners linked to a data
storage system and a processing system;

Figure 7 (i)-(v) shows the perfusion and tissue status maps of an acute stroke patient: (i) CBV, (ii) CBF, (iii) MTT,
(iv) DT, and (v) tissue status map including the infarct (red) 702 surrounded by the penumbra (green) 704. The
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acute penumbra progressed to subacute infarct as shown in Figure 2(vi) by the bright intensity region on the diffusion-
weighted MRI scanned one day later.

Figure 8 (i)-(v) shows the perfusion and tissue status maps of an acute stroke patient: (i) CBV, (ii) CBF, (iii) MTT,
(iv) DT, and (v) tissue status map including the infarct (red) 702 surrounded by the penumbra (green) 704. The
majority of the acute penumbra did not progress to further infarct by subacute stage as shown in figure 3(vi) by the
diffusion-weighted MRI scanned one day later.

Figure 9 is a flow diagram showing steps performed by a computer program to process various perfusion maps,
then to create the tissue status map showing the ischemic penumbra and infarct to guide treatment of the acute
stroke patient.

DETAILED DESCRIPTION OF THE INVENTION

[0020] Although the following detailed description contains many specifics for the purposes of illustration, anyone of
ordinary skill in the art will readily appreciate that many variations and alterations to the following exemplary details are
within the scope of the invention. Accordingly, the following preferred embodiment of the invention is set forth without
any loss of generality to, and without imposing limitations upon, the claimed invention.

[0021] The present invention is particularly applicable to CT, MRI and MN imaging systems. A bolus of contrasting
agents is introduced via a needle into a patient at, for example, the arm of the patient. However the bolus can be input
to any other part of the patient. A region of interest (ROIl) may be a tissue 6 in a part of the patient’s brain as shown in
Fig. 1. Alternatively, the ROI may be a pixel or a plurality of pixels, where many pixels represent a calculated image to
produce one or more perfusion maps. Blood circulating throughout the patient will contain the contrast agent and in
particular may be delivered to the tissue 6 via artery 8 and the blood flowing through the tissue 6 is returned to the heart
via vein 10. Raw data and/or images collected by a scan, such as from a CT scanner 20, MRI scanner 30 or NM scanner
35 are forwarded to a data storage system 40 in the form of a Picture Archiving Communications System (PACS) in Fig.
2. A computer program operating on a processor 50, in the form of a computer, is used to retrieve the various images
or raw data from any one of the scanners 20, 30 or 35 or from the data storage system 40. The program then processes
those images to provide an improved data set for a clinician to use, particularly in relation to perfusion indices including
blood flow, blood volume, mean transit time, arterial delay time, arterial dispersion time or relative arterial dispersion,
tissue dispersion time or relative tissue dispersion.. The computer program need not reside on computer 50, but may
reside in a console computer linked to any one of the scanners 20, 30 or 35. Alternatively the program may reside in a
workstation (stand-alone or in a system) or in the PACS 40.

[0022] In order to select an appropriate arterial input function, AIF, various images (slices) from a scan are analysed
to identify a major artery of interest. In CT the signal changes are directly proportional to the contrast agent concentration
profile. However in MRI a mathematical conversion is used in order to convert the measured signal time-curve into
contrast agent concentration profile. From the raw data retrieved, the program stored in the memory of system 50
automatically calculates the contrast concentration based on the measured signal intensities of the contrast agent. It
then searches all pixels to find the optimal AIF (or VIF) based on the criteria of early arrival, high and narrow peak for
AIF, and later arrival, high and broad peak with maximum peak area for VIF. The program displays the searched AIF
and VIF pixels on the corresponding images and plots the AIF and VIF time-curves. A user may further select a particular
pixel while dynamically viewing its profile against the selected AIF in order to confirm the best arterial input function. A
better arterial pixel can be saved to replace or average with the saved AIF and then the user may "click" on further pixels
in order to compare the further pixels with the updated AIF until the user is satisfied with the selected AIF. The selection
of the best AIF may be done through different slices with the effort to minimize partial voluming (PV) where only a part
of the artery is contained in the pixel. Similarly, the best VIP profile can be confirmed by the user.

[0023] Referring to Fig. 5, the computer program at step 100 thus retrieves raw data and/or images from any one of
the scanners 20, 30, 35 or PACS 40, including the signal intensities containing information of the contrast agent. At step
102 the program calculates the contrast agent concentration based on the signal intensities. It then plots the contrast
agent concentration profile C(t) against time at step 104. Where the data is retrieved from an MRI scan, the signal
intensities are converted mathematically to obtain C(t) at step 106. At step 108 the program searches pixels taken from
the plots to find an optimal AIF (VIF) based on given criteria such as arrival times and peaks. At step 110 the program
displays the searched pixels of the AIF (VIF) and plots these as a function of time at step 112. The best pixel(s) to date
are then stored in memory means, such as located at computer 50, at step 114. A decision is made at step 116 to
determine if the optimal pixel has been found and stored, which decision can be made by the user. If an optimal pixel
has not been found, the program keeps reverting to step 118 to find a better pixel than the pixel stored, which is
subsequently stored at step 114. When an optimal pixel has been found the process moves to step 120, to be described
hereinafter,

[0024] The amount of contrast agent passing through the tissue 6 may then be measured by the computer program,
the contrast agent concentration being represented as C(t).
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[0025] Thus two known profiles are used by the computer program, one for the concentration of the contrast agent
C(t) and the other for AIF 4(t), being the arterial input function in the vessel (artery) leading to the ROI, against time. By
knowing these two particular profiles the tissue blood flow Ft and tissue impulse residue function (IRF), R(t), can be
derived from a deconvolution of the equation C(t)=(F/ky) AIF,(t)®R(t), where ky=(1-H,)/(1-H;) is a correction constant
taking into account different values of arterial hematocrit H, and tissue hematocrit H; since the contrast agent remains
in the extracellular fraction of blood (plasma). The hematocrit is the volume fraction of cells in the blood, which has a
typical value of H, =~ 0.45 for large vessels such as the artery and a value of H; =~ 0.25 for small vessels such capillaries
in tissue.

[0026] In other words the concentration of the contrast agent is derived by a convolution of the arterial input function
and the tissue IRF multiplied by the tissue blood flow. This is the case where there is no delay or dispersion so that the
selected AIF (t) from a major artery is taken to be the same as the AlF(t) directly feeding the tissue.

[0027] In practice however it is difficult to measure the arterial input function at the input to different tissues of interest.
This is due to the practicalities that, arteries directly feeding the tissues are usually small in size and subject to a substantial
partial voluming effect. In the case of major vessel disease such as acute stroke or carotid artery stenosis, the AIF
selected from a major artery is often associated with a delay and dispersion before it reaches the abnormal tissue of
interest. As an example reference is made to Fig. 3 where the arterial input function is measured in artery 8 resulting in
the graph of Fig. 3(A). It can be seen from the graph that there is a time t, taken from injection for the contrast agent to
arrive at the point where the arterial input function is measured in artery 8. It results in a narrow 'pulse’ having a large
amplitude. Then in Fig. 3(C) there is shown the arterial input function if measured at the tissue 6 input artery designated
by 60. It can be seen that the graph has dispersed somewhat or broadened, as well as involving a time delay tj in
traversing the smaller artery 62 where a vessel disease such as stroke or stenosis may occur. Other normal small arteries
supplying different tissues may have little delay and dispersion. Therefore it is practically useful to select a normal large
vessel such as the internal carotid artery (ICA), middle cerebral artery (MCA), anterior cerebral artery (ACA) or posterior
cerebral artery (PCA) through multiple slices in the head and neck of the patient. The transit of the contrast agent from
the artery 8 through the artery or arteries 62 up to the entry point 60 of the tissue 6 is described by the vascular transport
model (VTM) using the delay ty and an estimated dispersion parameter to derive a simulated function AlF(t) at the tissue
input artery 60. The next part of the transit of the concentration of the contrast agent is described by the tissue perfusion
model (TPM) where the contrast agent traverses across the tissue 6 from an input 60 to an output 64. The measured
contrast concentration profile C(t) represents the contrast agent remaining in the tissue 6 as represented by the curve
shown in Fig. 3(E) and the tissue blood flow F; and impulse residue function (IRF) R,(t) can be estimated using a model-
free deconvolution technique such as the singular value decomposition (SVD) method. However, such deconvolution
is sensitive to noise, which may produce some mathematical solutions of Rg(t) but without any physiological meaning.
Further, the estimated F; and R,(t) may not be accurate due to uncertainties associated with unaccounted delay and
dispersion effects. It is desirable to use a constrained deconvolution process using a model derived IRF Rg(t) with a
typical shape as shown in Fig. 3(D). The estimated R,(t) can be used to derive parameters for Rg(t).

[0028] A simulated tissue contrast concentration curve derived using convolution as Cy(t)=(F/k)AIF(t) ®R4(t) can be
fitted to the measured C(t) curve by optimizing the model parameters through an iterative least square method.

[0029] The gamma-variate function (GVF), represented by equation (1) below, has been generally used to describe
the temporal profile of contrast during blood circulation through the vascular system.

}Z(t——to)“e““”'“"’ (t=1,)
GVF = ¢y
0 (t < ty)

In order to account for the delay and the dispersion through the artery 62 the computer program employs a first model
of GVF to represent a vascular transport function as

1 & (=) ] 3y
Z(t“tﬁ tgtm/ (t21)

h,(2) = )
0 (<)
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Where 4, =" T(1+ ;) since jow ho(2)dt =1, T'(a) = j‘: % ¢~1e ™% gy is the Gamma function,

ty is the time taken for the initial AIF,(t) measured from artery 8 to arrive at artery 60 and 4 and o, are related to the
mean transit time and dispersion of h(t). If setting a4=0, equation (2) becomes,

(1 ey
— 1)/a; f?t
- (t= 1)

ha(t) = 3)
0 (t < ty)

.

An example plot of h,(t) versus time is shown in Fig. 3(B). The value of t; can be estimated by t, as the delay between
C(t) in Fig. 3(E) and AIF 4(t) in Fig. 3(A). Starting with an estimate of a,=0, the mean transit time of h,(t)is t; + 5, and a
relative arterial dispersion is defined as 4 = 54 / (t; + o4) ranging from 0 to 1. A relative dispersion value of B4 = 12% is
chosen based on previous measurements of dispersions typical for arteries (12%), vein (30%) and whole organs (40%).
Thus an initial estimate of 4 can be obtained as 48, / (1-B4).

[0030] Referring again to Fig. 5, at step 120 the computer program applies the GVF to represent h(t) in a first model.
At step 122 an estimate of t, is made from the plots of C(t) and AIF(t). Then at step 124, the program estimates o,
using t; and a relative dispersion value 3, assuming a.4=0. The process then moves to step 126.

[0031] With the estimated t;, a4 and o4 values, the estimated h,(t) function in equation (2) can be calculated by the
computer program at step 126 to describe the arterial transport by

AIFyt) = AIFo(t) @ ha(t) *)

where AlF(t) is the arterial input function at the input to the tissue designated by 60, AIF (t) is the initial AIF at artery 8
and ® is the convolution operator.
[0032] The contrast concentration profile in the tissue of interest can be further determined by

C(t) = (F/ke) AIF (1) @ Re(3) )

where ky=(1-H,)/(1-H,) is a correction constant taking into account different values of arterial hematocrit H, and tissue
hematocrit H; because the contrast agent remains in the extracellular fraction of blood (plasma). The hematocrit is the
volume fraction of cells in the blood, which has a typical value of H, ~ 0.45 for large vessels such as the artery and a
value of H; = 0.25 for small vessels such capillaries in tissue.

[0033] With measured C(t) and the model derived AlF(t), an estimate of F; and R,(t) can be obtained using a model-
free deconvolution technique such as the singular value decomposition (SVD) method. The deconvolution is very sensitive
to noise, which may produce some mathematical solutions of R, but without any physiological meaning. Further, the
estimated F, and Rg(t) may not be accurate due to uncertainties associated with the initial estimate of t;, oy and o4
values. It is desirable to use a constrained deconvolution process using a model derived IRF with a typical shape as
shown in Fig. 3(D).

[0034] Again referring to Fig. 5, the computer program stored in memory of the computer 50 directs the computer at
step 128 to calculate an estimate for AlF(t) from the convolution of AIF () and h,(t) in equation (4) and at step 130 to
calculate an estimate for F; and R(t) from equation (5).

[0035] A more realistic (simulated) profile of the tissue IRF can be provided by the second model of GVF, which
describes the tissue transport function as
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)
—-A%~(z%~ 1,) e (12 1)
h () = < i (6)
0 (t<t,)
L

Where Az = a';*"”z:["(l N 052), t,, o and a, are parameters related to the mean transit time and dispersion of hg(t)

through the tissue. If assuming t,=0, equation (6) becomes

h, (z):%r%‘”% (t=0) (72)

2
Several typical characteristic parameters of hg(t) are determined as
Peak rise time RT) = oy o

Mean transit time (MTT) = o (1+ o) (70)

Alternately, if assuming a,=0, equation (6) becomes

1 tien (134
O,

hs (t) = (8a)
0 (z<ty)

Several characteristic parameters of hy(t) are determined as

Peak height (PH) = 1/o,
Mean transit time (MTT) = t+o, (8b)

The relationship between the tissue IRF R(t) and transport function h(t) is

R@) =1~ j:h(f)d'z' = A =——‘%§Q ®

Since h(t) is a probability density function, R(t) is a positive, decreasing function of time with a property of with R(0) = 1
as shown in Fig. 3(D).

[0036] From the estimated R(t) profile deconvolved from equation (5), an estimated transport function hg(t) can be
derived as h(t)= - dR¢(t)/dt. The peak rise time and mean transit time of h(t) can then be calculated and used to estimate
G, and a, using equation (7b) or to estimate o, and t, using equation (8b) respectively.

[0037] Knowing the estimates of 5, and o, with t,=0, or knowing o, and t, with a,=0, these are then input to equation
(6) to determine a simulated transport function hg(t). The simulated tissue IRF R4(t) can then be determined from equation
(9) as below:

R(t)=1- j;hs(r)dr (10)
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[0038] Once Ry(t) is determined, then the simulated concentration curve can be determined as follows:

Cot)=(F k) ALF (1) @Ry(2) =(F/kg) fOAJF; @R (~v)der  (11)

[0039] Using the computer program, the user selects the initial AIF and VIF, the program will automatically derive the
AlIF(t) input to the tissue 6 based on the first model and the convolution thereof. Secondly the program will estimate
tissue blood flow F; and IRF R.(t) and derive parameter values used to build the simulated tissue IRF R(t) in the second
model. The program further calculates a simulated contrast curve at the tissue of interest. The seven parameters Fi, t4,
G4, 04, Oy, O @and t, are optimized through a least squares method in order to fit the simulated Cg(t) to the measured
tissue curve C(t). A least squares fit can be represented by a minimization process of the quantity S defined in equation
(12) below:

8= Y (C()~ C, (2)? (12)

[0040] With the optimized seven parameters Fy, t;, 54, a4, 55, o, and t,, several quantitative perfusion indices can be
determined as

Blood Flow (BF) = F,
Mean Transit Time (MTT) = tp+ oy (1+ o)
Blood Volume (BV) = BF*MTT 13)

Arterial Delay Time (DT) = t; +o1(14+01)
Arterial Dispersion Time (ADT) = o1./1+ e,
Tissue Dispersion Time (TDT) = a2./1+ @,
Relative Arterial Dispersion (RAD) = ADT/DT
Relative Tissue Dispersion (RTD) = TDT/MTT

These indices can be determined on a pixel-by-pixel basis to produce quantitative perfusion maps respectively for further
analysis and interpretation.

[0041] This provides more accurate information to a clinician so that the clinician can decide on appropriate therapy
for the patient on retrieving the above results or data.

[0042] Thus referring again to Fig. 5, at step 132 an estimate of the transport function across the ROl is calculated by

the computer program using the equation he(t) = »;—Zi— e(z). At step 134 the program derives t,, 5, and a, (with either
A

a,=0 or t,=0) from the h,(t) curve using the equations (7b) or (8b). At step 136 h(t) is derived by the program knowing
the values for t,, o, and a, using the second model. At step 138 R(t) is derived from equation (10) by the program. At
step 140 C(t) is determined by the program using the estimates for Rq(t), AlF(t), ky and F;. At step 142 a least squares
method is used by the program to fit C4(t) to C(t) and to optimize the parameters Fy, t, 54, a4, 65, o, and t, by minimising
S in equation (12) iteratively. Finally at step 144 the program calculates values for perfusion indices such as BF, MTT
and BV etc using equation (13).

[0043] An artery is usually selected in the process of obtaining an arterial input function, however in the brain it is not
always easy to obtain a major artery. A smaller artery in the brain may be selected instead leading to partial voluming.
To compensate for partial voluming, a vein that is much larger than the artery and is usually easy to identify may be
used. The user and/or computer program searches for a large vein which should have minimal partial voluming effect.
A smaller artery can be selected and scaled against a vein profile. Thus, a profile of a VIF from a large draining vein is
determined. The AIF is then scaled up to have the same first-pass bolus peak area as the VIF to minimise the PV effect
from the AIF. The first-pass AIF and VIF profiles can be obtained by fitting them to the GVF profiles respectively to
remove contrast recirculation effects. The area under the vein profile should be the same as the arterial profile. However,
this approach of using a VIF 4(t) to correct for partial volume effects of AIF (t) is not applicable outside the brain as the
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contrast agent does not always remain within the vascular system during transit through the body. Usually in the body
a large artery without partial voluming can be found on the imaging slices.

[0044] ThusinFig. 4 the AIF profile 80 of the original artery selected is shown, which is much smaller than the expected
profile due to partial voluming. Therefore a vein is selected and it has the VIF profile 84. Due to recirculation effects,
each profile shows a local maximum 82 (on the AIF curve) and 86 (on the VIF curve). A GVF is fitted by the computer
program to the VIF to obtain an estimate of the total area (BV) under the fitted VIF curve whilst eliminating the local
maximum 86 and following contour 87. Then the GVF is applied by the computer program to the selected AIF to eliminate
the local maximum 82 and extend the profile along contour 89. The program then uses this estimate to scale up the
original AIF 80 to AIF 88 to obtain an estimate of the concentration of contrast agent from the scaled up AIF 88. This
approach overcomes the problem when the VIF is represented partly with a missing end portion in the data due to a
shorter scanning time in order to keep to a minimum the amount of time a patient has to spent being scanned by a
particular scanner.

[0045] Itis to be noted that the use of a GVF in each of the first and second models is for relative ease of calculations.
Should the full GVF be used in both the first and second models, there will be seven adjustable parameters that need
to be optimized by the least square fitting process. The computer program may provide various options to allow the user
to fix certain parameters such as a.4=0 and t,=0 (or a.1=0 and a,=0) throughout the least square fitting process, in which
only five parameters Fy, o,, a,, 64 and t; (or Fy, 5, t5, 54 and t;) would then need to be optimized. The computer program
further allows the user to fix the relative arterial dispersion B, thus ¢4 can be calculated dependent on t,. A fixed value
of B4=12% can be chosen based on previously published results.

[0046] Alternately, if one can measure AlF(t) by identifying a small artery showing a delay relative to AIF ,(t), optimized
o4 and ty values can be determined by fitting the simulated AlIF(t) from equations (3) and (4) to the measured AIF(t).
Then a relative dispersion 3, value can be determined and applied to all other pixels of the same subjects assuming a
constant relative dispersion. Thus there will be only four parameters F,, c,, a, and t; (or F;, o,, t, and t;) that need to
be optimized for increased robustness of the fitting process.

[0047] Furthermore, one may apply the above approach to various subjects with vascular abnormalities accompanied
by delay and dispersion, such as in acute stroke and stenosis. Once a consistentrelative dispersion value 3, is determined
from all the representing cases, the vascular transport function in equation (3) can be described by a single variable t,
together with a constant p,. A two-step method can be implemented to account for delay and dispersion. At first, an
initial IRF R(t) can be derived by deconvolution of AIF 4(t) from C(t) using the model-free SVD method. The delay time
t4 can be determined by the maximum position of Ry(t), i.e. Rgmax = Ro(t=t1). The t; value determined this way is less

sensitive to curve noise because the deconvolution involves all data points of the time curve. In the second step, the
AlF(t) feeding the ROI can be derived from equation (3) with t; and the constant B4, which determine 4. Then value of

Fiand corrected IRF R4(t) can be obtained by deconvolution of the model derived AlF(t) from C(t) using the SVD method.

Perfusion indices can be determined from the calculated R(t) curve as MT'I‘::.VR" (¥)dr, BF=Fiand BV=BF*"MTT.
0

This approach can be implemented via a computer program for fast processing of perfusion maps by accounting for
delay and dispersion without a time-consuming least-square-fitting process.

[0048] Alternatively, as the transport function h(t) is simply a probability distribution function of the transit times, it is
possible to use other functions such as a modified Gaussian function in equation (14) below to substitute equation (1)
hence to describe h,(t) and hg(t) respectively.

:]Ze—(!—ru)z Jig? (t > O)
h(t) = (14)
0 (t<0)

Where {50, 4 = « /27,70-{1 + e’f(to /\[EO')]/ 2 and erf (£) E% J.Ote*"z dx isthe error function. Using the Gaus-

sian function to substitute the first and second models in equations (3) and (8a) respectively, there are five parameters
(Ft, 02, 1, 04 and t,) that need to be optimized through the fitting process.

[0049] Furthermore, the two models are not limited in scope to use in major vessel disease associated with the head
of a patient, such as acute stroke or carotid artery stenosis. The models can be used in any intra-vascular application
and therefore can apply to different parts of a patient’s body, such as the cortex of the kidneys, lungs or spleen.
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[0050] The models can be further extended to other cases where contrast may not totally remain intravascular but
leak into the tissue, such as in a tumour. For a tissue ROI with a mean transit time of t, the tissue IRF can be described
by the adiabatic approximation to the tissue homogeneity model as

1 (t27)

R(t,r) = (15)
Ee ~k(=) (¢>7)

where the first term is the intravascular component and the second term is the leakage component. E is the extraction
fraction of the tracer in the blood stream that leaks out of the vessel into tissue, and the tracer clearance rate constant
k=E*F /V, is a rate constant at which the leaked contrast agent diffuses back into the blood stream and leaves the
tissue, V, is the volume fraction of the extravascular and extracellular space (EES) in the tissue.

[0051] Normally there is perfusion heterogeneity associated with a distribution of transit time t of blood vessels in
tissue. Such a distribution can be described by a probability density function hg(t) such that the average tissue IRF
involving leakage becomes

R,() =1~ | B, ()dr+ Ee™ | 1, ()" dr (16)

where hg(t) can be described by the GVF model of equation (1) or by a Gaussian distribution function of equation (14).
[0052] The above described method for intravascular perfusion can be extended for perfusion measurements in a
tumour by substituting equation (10) with (16) for the simulated Cg(t) in equation (11). With two additional parameters,
E and V, (or k), the method described above can be used to derive parameters for measuring both blood perfusion and
permeability related indices including F;, E and V. The parameters E and V, have a value between zero and one. The
program selects certain starting values of E and V, such as E= 0.2 and V, = 0.4, then further optimizes E and V together
with all other adjustable parameters (e.g F;, o5, a4, o4, t4, a5, and t,) using the least squares method of equation (12).
The permeability surface area product can then be determined by PS = -F|In(1-E), where PS = E*F, when E << 1.
[0053] The present invention is particularly applicable to CT and MRI dynamic perfusion imaging which involves
intravenous injection of a contrast bolus into a patient. Raw data and/or images acquired by a scan, such as froma CT
scanner 602, MRI scanner 604 are forwarded to a data storage system 606 in the form of a Picture Archiving Commu-
nications System (PACS) in Figure 6. A computer program operating on a processor 608, in the form of a computer, is
used to retrieve the various images or raw data from any one of the scanners 602, 604 or from the data storage system
606. The computer program need not reside on computer 608, but may reside in a console computer linked to any one
of the scanners 602 or 604. Alternatively the program may reside in a workstation (stand-alone or in a system) or in the
PACS 608.

[0054] The program loads the dynamic perfusion data and/or images, then process them to produce various perfusion
maps including CBV, VBF, MTT and DT, and further create a color-coded tissue status map consisting of an infarct (red)
702 and penumbra (green) regions overlaid on the corresponding raw image. Figure 7 shows an example of acute
ischemic penumbra detected by the current method in an acute stroke patient, however without effective treatment, the
initial penumbra region further progressed to infarction by the next day. In contrast, with early intervention, the penumbra
region detected by the current method in another acute stroke patient was mostly salvaged (with only little expansion
of the infarct core) by the next day, as shown in Figure 8. These two examples demonstrate that the ischemic penumbra
and infarct identified by the current method has the potential to more accurately reflect the tissue status at the acute
stage, hence the tissue status map together with penumbra measure as percentage of the total ischemic lesion can be
expected to produce better outcome when used to guide treatment of acute stroke patient.

[0055] With reference to Figure 9 there is shown a flow diagram 900 of the steps taken by a computer program to load
data and/or images into memory at step 902, where the data has been retrieved from any one of the scanners 602, 604
or PACS 606, including the signal intensities containing information of the contrast agent. At step 904 the program
performs various pre-processing including (i) motion correction; (ii) detection of AIF and VOF,; (iii) setting baseline time
period before contrast arrival; and (iv) converting a signal intensity profile to contrast concentration time curve.

[0056] At step 906, the program process data on a pixel-by-pixel basis to produce various perfusion maps using a
model-free deconvolution technique such as the singular value decomposition (SVD) technique by taking into account
arterial delay and dispersion effects. Deconvolution of the AIF from the tissue time curve produces the tissue IRF, where
the maximum of the IRF appears at certain time point, Tmax. To properly taking into account arterial delay and dispersion
effects, an iterative deconvolution approach is applied by looping through a series of delay time values, DT;, ranging
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from 0 to Tmax. For each delay time, a modelled arterial transport function is convolved with the measured global AIFg
to produce an AlF;, which is used for SVD deconvolution of the tissue curve to generate an IRFi with its maximum appears
at Tmax(i). The actual delay time, DT, is determined as the minimum DTi value which produces Tmax(i)=0. Subsequently,
CBF and CBV can be determined by the maximum and integral of IFRi respectively, with MTT=CBV/CBF.

[0057] At step 908, the program identifies ischemic pixels where DT is greater than a predetermined first threshold
value and CBV is below a second threshold value.

[0058] At step 910, the program identifies the infarct portion of the ischemic lesion, where DT is greater than a pre-
determined third threshold value and/or CBV is below a forth threshold value.

[0059] At step 912, the program may further apply cluster analysis to all the detected ischemic pixels and infarct pixels
respectively by removing small islands or filling small holes with maximum cluster size below a predetermined fifth
threshold value. The cluster analysis may involve general morphological operators such as opening and closing, or the
general k-means clustering technique.

[0060] The ischemic penumbra can be identified at step 914, by the mismatch region between the ischemic lesion
and infarct. Then a tissue status map can be created to display the infarct (red) 702 surrounded by the penumbra (green)
704 as a color overlay on the corresponding raw image.

[0061] At step 916, the program measures the penumbra volume as a percentage of the total said ischemic lesion to
determine treatment of the acute stroke patient.

[0062] This embodiment has been described using an example of CT perfusion imaging in acute stroke patients. The
invention is equally applicable to animals as well, and using MRI scans.

[0063] The presentinvention is not limited to the embodiments shown, but also extends to other embodiments falling
within the scope of the appended claims. The present embodiments are, therefore, to be considered in all respects as
illustrative and not restrictive. Thus, the present invention is capable of many variations in detailed implementation falling
within the scope of the appended claims, which may be derived from the description contained herein by a person of
ordinary skill in the art.

Claims

1. A method of identifying ischemic lesions in a subject, by operating a computer program on perfusion imaging data
input to a computer comprising:

a. loading said perfusion imaging data into an electronic memory means, wherein said perfusion imaging data
contains information of a contrast agent passing through a region of interest (ROI), wherein said ROl comprises
tissue;

b. measuring a global arterial input function (AIFg) from a normal major artery, wherein said AIFg is an intensity
profile measured against time;

c. measuring a tissue contrast agent curve C(t) in said tissue, wherein said C(t) is an intensity profile measured
against time;

d. deriving perfusion maps by deconvolution of said AlF; from said C(t) on a pixel-by-pixel basis using a delay
compensated deconvolution method, wherein said perfusion maps comprise an arterial delay time (DT) map
and cerebral blood volume (CBV), cerebral blood flow (CBF) and mean transit time (MTT) maps;

e. determining ischemic lesion pixels from said perfusion maps, wherein said DT is greater than a predetermined
first threshold value and said CBV is below a second threshold value;

wherein step d) comprises:

i. calculating a tissue impulse residue function (IRF) by deconvolution of said AIFg from said C(t) using a model-
free deconvolution method, wherein the maximum of the IRF appears at certain time point, Tmax;

ii. looping through a series of delay time values, DTi, ranging from 0 to Tmax, wherein for each delay time value,
an arterial transport function with a delay time DTi and a known relative dispersion factor is convolved with said
AlF 4 to produce an AlFi, wherein an IRFi is calculated by deconvolution of said AlFi from said C(t) using said
model-free deconvolution method, wherein the maximum of the IRFi appears at Tmax(i);

ii. determining DT by the minimum DTi value which produces Tmax(i)=0; wherein the corresponding IRFi is
recorded as IRFo;

iv. determining CBF and CBV by the maximum and integral of said IRFo respectively, wherein MTT=CBV/CBF.

2. The method according to claim 1, further comprising the step of determining the infarct portion of said ischemic
lesion, wherein (i) said DT is greater than a predetermined third threshold value, or (ii) said CBV is below a forth
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threshold value, or (i) and (ii).

3. The method according to claim 2, further comprising the step of applying a cluster analysis to said ischemic lesion
and infarct pixels respectively by removing small islands or filling small holes, wherein the said small islands or small
holes have a maximum cluster size below the predetermined fifth threshold value.

4. The method according to claim 2 or 3, further comprising the step of determining a penumbra by the mismatch
regions between said ischemic lesion and said infarct.

5. The method according to claim 4, further comprising the step of determining a penumbra volume as a percentage
of the said ischemic lesion volume.

6. The method according to any of the preceding claims 2 through 5, wherein:

i. said predetermined third threshold value is approximately 10 seconds;

ii. said predetermined forth threshold value is approximately 1.5 ml/100g;

iii. alternatively, said predetermined forth threshold value is approximately 50% of the average CBV value
measured from unaffected normal tissue of said subject;

7. The method according to any of the preceding claims 1 through 6, wherein:

i. said predetermined first threshold value is approximately 3 to 4 seconds;
ii. said predetermined second threshold value is approximately 9 ml/100g.

8. The method according to any of the preceding claims 1 through 7, wherein said predetermined fifth threshold value
is approximately 3 to 5 mm.

9. The method according to any of the preceding claims 1 through 8, wherein said AlF is scaled upward according
to a venous output function (VOF), wherein said VOF is based on a measured contrast intensity profile in a vein
draining from said ROI.

10. The method according to any of the preceding claims 1 through 9, further comprising the step of applying motion
correction after loading the perfusion imaging data at step a).

11. The method according to any of the preceding claims 1 through 10, wherein said C(t) is a temporal concentration
of a contrast agent obtained from said perfusion imaging data generated by a dynamic imaging system, wherein
said perfusion imaging data comprises contrast images sequentially acquired during the passage of said contrast
agent through said ROI in said subject, whereby said contrast agent concentration is plotted versus time.

12. The method according to claim 11, wherein said dynamic imaging system is at least one of a computed tomography
(CT) imaging system and a magnetic resonance imaging (MRI) system.

Patentanspriiche

1. Verfahren zum Identifizieren von ischamischen Lasionen in einem Subjekt durch Bedienen eines Computerpro-

gramms flr Perfusionsbilddaten, welche in einen Computer eingegeben wurden, umfassend:

a. Laden der Perfusionsbilddaten in eine elektronische Speichereinrichtung, wobei die Perfusionsbilddaten
Information eines Kontrastmittels enthalten, welches durch einen Bereich von Interesse (ROI) hindurch lauft,
wobei der ROl Gewebe umfasst;

b. Messen einer globalen arteriellen Eingangsfunktion (AIF ) einer normalen Hauptarterie, wobei die AlF ein
Intensitatsprofil ist, welches gegen die Zeit gemessen wird;

c. Messen einer Gewebe-Kontrastmittel-Kurve C(t) in dem Gewebe, wobei die C(t) ein Intensitatsprofil ist,
welches gegen die Zeit gemessen wird;

d. Erhalten von Perfusionskarten durch Dekonvolution der AlF 4 aus der C(t) auf einer Pixel-flr-Pixel Basis unter
Verwendung eines Verzégerungskompensierten Dekonvolutionsverfahrens, wobei die Perfusionskarten eine
arterielle Verzégerungszeit-(DT)-Karte und ein zerebrales Blutvolumen (CBV), einen zerebralen Blutfluss (CBF)
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und mittlere-Transitzeit-(MTT)-Karten umfassen;
e. Bestimmen von ischdmischen L&sionspixeln aus den Perfusionskarten, wobei die DT groRer ist als ein
vorbestimmter erster Schwellenwert, und wobei das CBV unterhalb eines zweiten Schwellenwerts ist;

wobei Schritt d) umfasst:

i. Berechnen einer Gewebe-Impuls-Restfunktion (IRF) durch Dekonvolution der AIFg aus der C(t) unter Ver-
wendung von einem Modell-freien Dekonvolutionsverfahren, wobei das Maximum der IRF an einem bestimmten
Zeitpunkt Tmax auftritt;

ii. Durchlaufen einer Reihe von Verzégerungszeitwerten, DTi, rangierend von 0 bis Tmax, wobei fir jeden
Verzdgerungszeitwert eine arterielle Transportfunktion mit einer Verzégerungszeit DTi und ein bekannter rela-
tiver Dispersionsfaktor mit der AIFg gefaltet werden, um ein AlFi zu bilden, wobei eine IRFi berechnet wird durch
Dekonvolution der AlFi aus der C(t) unter Verwendung des Modell-freien Dekonvolutionsverfahrens, wobei das
Maximum der IRFi bei Tmax(i) auftritt;

iii. Bestimmen von DT durch den minimalen DTi Wert, welcher Tmax(i) = O liefert; wobei die entsprechende
IRFi als IRfo aufgezeichnet wird;

iv. Bestimmen von CBF und CBV durch das Maximum beziehungweise das Integral von IRFo, wobei MTT =
CBV / CBF ist.

Verfahren gemaf Anspruch 1, weiterhin den Schritt umfassend des Bestimmens des Infarktabschnitts der ischa-
mischen Lasion, wobei (i) der DT grof3er als ein vorbestimmter Schwellenwert ist, oder (ii) das CBV unterhalb eines
vierten Schwellenwerts ist, oder (i) und (ii).

Verfahren gemalR Anspruch 2, weiterhin den Schritt umfassend des Anwendens einer Cluster-Analyse auf die
ischamische Lasion bzw. die Infarktpixel durch Entfernen kleiner Inseln oder durch Fiillen kleiner Locher, wobei die
kleinen Inseln oder die kleinen Locher eine maximale ClustergréRe unterhalb des vorbestimmten fiinften Schwel-
lenwerts aufweisen.

Verfahren gemal Anspruch 2 oder 3, weiterhin den Schritt umfassend des Bestimmens einer Penumbra durch
Diskrepanzbereiche zwischen der ischamischen Lasion und dem Infarkt.

Verfahren gemal Anspruch 4, weiterhin umfassend den Schritt des Bestimmens eines Penumbravolumens als
einen Prozentsatz des ischamischen Lasionsvolumens.

Verfahren gemaR irgendeinem der vorhergehenden Anspriiche 2 bis 5, wobei:
i. der vorbestimmte dritte Schwellenwert ungeféhr 10 Sekunden ist;
ii. der vorbestimmte vierte Schwellenwert ungeféhr 1,5 ml/100 g ist;
iii. alternativ der vorbestimmte vierte Schwellenwert ungefahr 50 % von dem durchschnittlichen CBV Wert ist,
gemessen an nicht betroffenem normalen Gewebe des Subjekts.

Verfahren gemaR irgendeinem der vorhergehenden Anspriiche 1 bis 6, wobei:

i. der vorbestimmte erste Schwellenwert ungeféhr 3 bis 4 Sekunden ist;
ii. der vorbestimmte zweite Schwellenwert ungefahr 9 mi/100 g ist.

Verfahren gemaR irgendeinem der vorhergehenden Anspriiche 1 bis 7, wobei der vorbestimmte flinfte Schwellenwert
ungefahr 3 bis 5 mm ist.

Verfahren gemaR irgendeinem der vorhergehenden Anspriiche 1 bis 8, wobei die AIF 4 vergrofiert wird gemaf einer
vendsen Ausgangsfunktion (VOF), wobei die VOF auf einem gemessenen Kontrastintensitatsprofil in einer Vene

basiert, welche aus dem ROI kommt.

Verfahren gemaf irgendeinem der vorhergehenden Anspriiche 1 bis 9, weiterhin umfassend den Schritt des An-
wendens einer Bewegungskorrektur nach dem Laden der Perfusionsbilddaten in Schritt a).

Verfahren gemaR irgendeinem der vorhergehenden Anspriiche 1 bis 10, wobei die C(t) eine temporare Konzentration
von einem Kontrastmittel ist, erhalten aus den Perfusionsbilddaten, welche durch ein dynamisches Bildgebungs-
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system erzeugt werden, wobei die Perfusionsbilddaten Kontrastbilder umfassen, welche sequentiell wahrend des
Durchlaufs des Kontrastmittels durch den ROl in dem Subjekt erhalten werden, wobei die Kontrastmittelkonzentration
gegen die Zeit aufgetragen wird.

12. Verfahren gemaf Anspruch 11, wobei das dynamische Bildgebungssystem zumindest eines ist von einem Com-
putertomographie-(CT)-Bildgebungssystem und einem Magnetresonanz-(MRI)-Bildgebungssystem.

Revendications

1. Procédé d’identification de lésions ischémiques chez un sujet, en exploitant un programme informatique sur des
données d’'imagerie de perfusion entrées dans un ordinateur comprenant :

a. le chargement desdites données d’imagerie de perfusion dans un moyen de mémoire électronique, dans
lequel lesdites données d'imagerie de perfusion contiennent des informations sur un agent de contraste tra-
versant une région d’intérét (ROI), dans lequel ladite ROl comprend un tissu ;

b. la mesure d’'une fonction d’entrée artérielle globale (AIFg) a partir d’'une artére majeure normale, dans lequel
ladite AIFg est un profil d’intensité mesuré par rapport au temps ;

c. la mesure d’'une courbe d’agent de contraste tissulaire C(t) dans ledit tissu, dans lequel ladite C(t) est un
profil d’'intensité mesuré par rapport au temps ;

d. la dérivation de cartes de perfusion par déconvolution de ladite AIFg de ladite C(t) sur une base pixel par
pixel en utilisant un procédé de déconvolution a retard compensé, dans lequel lesdites cartes de perfusion
comprennent une carte du temps de retard artériel (DT) et des cartes du volume sanguin cérébral (CBV), du
débit sanguin cérébral (CBF) et du temps de transit moyen (MTT) ;

e. la détermination des pixels de Iésion ischémique a partir desdites cartes de perfusion, dans lequel ledit DT
est supérieur a une premiére valeur seuil prédéterminée et ledit CBV est inférieur a une deuxiéme valeur seuil ;

dans lequel I'étape d) comprend :

i. le calcul d’une fonction de résidu d'impulsion tissulaire (IRF) par déconvolution de ladite AIFg a partir de ladite
C(t) en utilisant un procédé de déconvolution sans modele, dans lequel le maximum de I'IRF apparait a un
certain point temporel, Tmax ;

ii. 'exécution d’'une boucle dans une série de valeur de temps de retard, DTi, dans la plage de 0 a Tmax dans
lequel pour chaque valeur de temps de retard, une fonction de transport artériel avec un temps de retard DTi
et un facteur de dispersion relatif connu est convoluée avec ladite AIFg pour produire une AlFi, dans lequel une
IRFi est calculée par déconvolution de ladite AlFi a partir de ladite C(t) en utilisant ledit procédé de déconvolution
sans modeéle, dans lequel le maximum de I'|RFi apparait a Tmax(i) ;

iii. la détermination du DT par la valeur de DTi minimale qui produit Tmax(i)=0 ; dans lequel I'|RFi est enregistrée
comme IRFo ;

iv. la détermination du CBF et du CBV par le maximum et l'intégral de ladite IRFo respectivement, lorsque
MTT=CBV/CBF.

2. Procédé selon la revendication 1, comprenant en outre I'étape de détermination de la partie d’infarctus de ladite
Iésion ischémique, dans lequel (i) ledit DT est supérieur a une troisieme valeur seuil prédéterminée, ou (ii) ledit CBV
est inférieur a une quatrieme valeur seuil, ou (i) et (ii).

3. Procédé selon la revendication 2, comprenant en outre I'étape d’application d’'une analyse de grappe auxdits pixels
de lésion ischémique et d’infarctus respectivement en éliminant les petites fles ou en remplissant les petits trous,
dans lequel lesdites petites Tles ou lesdits petits trous ont une taille de grappe maximale inférieure a la cinquieme
valeur seuil prédéterminée.

4. Procédé selon la revendication 2 ou 3, comprenant en outre I'étape de détermination d’'une pénombre par les zones
de non correspondance entre ladite Iésion ischémique et ledit infarctus.

5. Procédé selon la revendication 4, comprenant en outre I'étape de détermination d’un volume de pénombre comme
un pourcentage dudit volume de Iésion ischémique.

6. Procédé selon 'une quelconque des revendications précédentes 2 a 5, dans lequel :
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i. ladite troisieme valeur seuil prédéterminée est approximativement 10 secondes ;

ii. ladite quatrieme valeur seuil prédéterminée est approximativement 1,5 ml/100 g ;

ii. en variante, ladite quatrieme valeur seuil prédéterminée est approximativement 50 % de la valeur de CBV
moyenne mesurée sur un tissu normal non affecté dudit sujet ;

Procédé selon I'une quelconque des revendications 1 a 6, dans lequel :

i. ladite premiére valeur seuil prédéterminée est d’approximativement 3 a 4 secondes ;
ii. ladite deuxieme valeur seuil prédéterminée est d’approximativement 9 mi/100 g.

Procédeé selon I'une quelconque des revendications précédentes 1 a 7, dans lequel ladite cinquiéme valeur seuil
prédéterminée est d’approximativement 3 a 5 mm.

Procédé selon I'une quelconque des revendications précédentes 1 a 8, dans lequel ladite AIFg est ajustée a la
hausse conformément a une fonction de sortie veineuse (VOF), dans lequel ladite VOF est basée sur un profil
d’intensité de contraste mesuré dans une veine drainant depuis ladite ROI.

Procédé selon l'une quelconque des revendications précédentes 1 a 9, comprenant en outre I'étape d’application
d’une correction de mouvement aprés le chargement des données d’imagerie de perfusion a I'étape a).

Procédé selon I'une quelconque des revendications précédentes 1 a 10, dans lequel ladite C(t) est une concentration
temporelle d’'un agent de contraste obtenu a partir desdites données d’imagerie de perfusion générées par un
systéme d’imagerie dynamique, dans lequel lesdites données d’imagerie de perfusion comprennent des images de
contraste séquentiellement acquises durant le passage dudit agent de contraste a travers ladite ROI dans ledit
sujet, moyennent quoi ladite concentration en agent de contraste est tracée par rapport au temps.

Procédé selon la revendication 11, dans lequel ledit systéme d’imagerie dynamique est au moins I'un d’'un systeme
d’'imagerie par tomodensitométrie (CT) et d’'un systéme d’imagerie par résonance magnétique (IRM).
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