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Abstract

Background

In perfusion magnetic resonance imaging a manual approach to delineation of regions
of interest is, due to rater bias and time intensive operator input, clinically less
favorable than an automated approach would be. We have compared the
performances of these approaches, testing the hypothesis that automated protocols
suffer from numerous artifacts which result in a false estimation of hypoperfused
tissue. An additional goal of our study was to find a minimally biased yet maximally
useful perfusion post-processing protocol which could offer the treating physician an
estimate of tissue fate.

Methods

One hundred and eighty-four patients were included in this study, of which 39 control
patients with neither a fresh infarction visible nor a final diagnosis of stroke and 145
patients with a confirmed diagnosis of acute ischemic stroke. Using three different
software packages (Perfscape/Neuroscape, PMA and Stroketool) maps of mean transit
time (MTT), cerebral blood flow (CBF) and Tmax were created. Three different
thresholds were applied on each parameter map and subsequent volumes of
hypoperfused tissue were calculated using both a manual and an automated protocol.

Results

The median difference between the automatically and manually derived volumes was
up to 210 ml in Perfscape/Neuroscape, 123 ml in PMA and 135 ml in Stroketool.
Correlation coefficients between perfusion volumes and radiological and clinical
outcome were much lower for the automatic volumes than for the manually derived
ones. Using the manual approach in patients with a persistent vessel occlusion a CBF
map with a restrictive threshold had shown volumes of tissue at definite risk of
infarction in up to a 100% of patients. The additional use of a CBF map with a high
threshold had enabled identification of patients without penumbra.

Conclusions

The agreement of the automated and manual method was very poor, with the
automated use producing falsely exaggerated volumes of hypoperfused tissue. No one
combination of software, map and threshold was able to give a reliable estimate of
tissue fate. However in patients with a vessel occlusion, a combination of a CBF map
with a low threshold and a high threshold can provide a calculation of the minimum
volume of brain tissue inevitably to be lost if the occlusion persists.
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Introduction

In magnetic resonance imaging (MRI) it is presently assumed that the
technique of diffusion-weighted imaging (DWI) shows the area of irreversibly
injured tissue, whereas perfusion imaging (Pl) shows the area of reduced
cerebral perfusion! with the mismatch between the two areas representing
the ischemic penumbra®. This mismatch hypothesis is frequently being used in
studies of acute ischemic stroke (AIS) and even clinical practice®. Two different
approaches are available to assess areas of reduced cerebral perfusion: visual
mismatch assessment and volumetric measurements. As visual assessments
have been demonstrated as insufficiently reliable for use in clinical practice®,
more weight is being placed on various commercial and academic software
packages developed for volumetric calculations. Most of these programs offer
the possibility to delineate regions of interest manually but also, to a lesser or
greater extent, automatically. Manual approaches to delineation of
hypoperfused volumes are biased and require time intensive operator input.
Therefore a mostly automated procedure, if accurate, would be preferred in
clinical practice. Despite many studies which have dealt with the issue of
comparing different calculation methods and parameters for deriving
perfusion maps®®, there is still no scientific consensus on which parameter,
method of delineation or software tool should ideally be used and there is a
continuing need for systematical evaluation and validation of currently existing
software packages for PI"°.

Goals

Our hypothesis was that existing software solutions, when automated,
exaggerate volumes of hypoperfused tissue on account of numerous artifacts.
We therefore calculated volumes using a fully automated procedure applied to
a cohort of patients with no infarct as well as examined what the difference
between an automated and manual approach would be in patients with acute
ischemic stroke. An additional goal of our study was to find a Pl protocol which
could, for patients presenting with a pathophysiologically relevant vessel
occlusion, offer the treating physician a useful estimate of tissue fate.
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Materials and Methods

One hundred and eighty-four patients, admitted to our university hospital with
a suspected diagnosis of an ischemic event and imaged between September
2008 and November 2009 were included in this study, of which 39 patients
with neither a fresh infarction visible nor a final diagnosis of stroke (control
patients) and 145 patients with a confirmed diagnosis of acute ischemic stroke,
a visible area of hypoperfusion detectable on the initial Pl examination and
availability of two follow-up MRI scans. All dynamic susceptibility contrast-
enhanced T2*-weighted images were collected using a single-shot gradient-
echo EPI sequence (TE= 29 ms, TR= 1390 ms, pixel size= 1,796 x 1,796 mm?,
slice thickness= 5mm, interslice gap= 0.5 mm) on a clinical 3-Tesla MR scanner
(Tim Trio, Siemens AG, Erlangen, Germany).

All commercially available software packages for post-processing of
raw perfusion data known to us were considered for inclusion in the study.
Three software packages were selected: Stroketool (Digital Image Solutions,
Germany), PMA (v3.2.0.4 ASIST, Japan) and Perfscape/Neuroscape (Olea
Medical SAS, France) were used to calculate perfusion maps of mean transit
time (MTT), cerebral blood flow (CBF) and Tmax for each patient. The
deconvolution method used in both Perfscape and PMA was block-circulant
singular value decomposition and in Stroketool singular value decomposition.

For each parameter map, three different thresholds were applied. For
all patients and in all three programs, the Tmax thresholds were 4, 6 and 8
seconds of delay. The MTT thresholds were 5, 6 and 8 seconds with the
exception of Perfscape/Neuroscape being used on control patients were the
thresholds were 3%, 6% and 10% of the MTT scale for each patient.
Additionally, CBF thresholds were (from lowest to highest) 0.02, 0.03 and 0.04
in arbitrary units in Perfscape/Neuroscape, 20, 30 and 40 ml/100g/min in PMA
and 15%, 20% and 25% of the highest value on the CBF scale for each patient
in Stroketool.

In the automated protocol, once the thresholds have been applied and
the resulting regions of interest (ROIls) saved, no further post-processing was
done by a human rater save for a secondary step (only for maps produced in
PMA and Stroketool) to cut away scalp and spaces filled with cerebrospinal
fluid (CSF) using further automated post-processing in SPM8 (Wellcome Trust
Centre for Neuroimaging, UK). This step was not necessary for maps created
with Perfscape/Neuroscape, as this program has successfully implemented
filtering. In the manual protocol the already thresholded maps were
additionally manually corrected to exclude areas which the human rater
judged as highly unlikely to be part of a credible perfusion deficit.
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Radiological outcome was defined as the final lesion size, manually
delineated by an expert neuroradiologist (JBF) on follow-up FLAIR images.
Clinical outcome was defined as the National Institute of Health Stroke Scale
(NIHSS) score at the time of discharge from the hospital.

Additionally, for patients with a persistent vessel occlusion (n= 41) all
maps and thresholds were investigated for presence of mismatch and its
usefulness, thus dividing patients into two groups: mismatch patients (MP) and
non-mismatch patients (NMP) and four subgroups: significant mismatch
patients (SMP), overestimated mismatch patients (OMP), true non-mismatch
patients (TNMP) and false non-mismatch patients (FNMP). MP were those in
whom the perfusion deficit was larger than the initial lesion (as measured on
DWI) and NMP those presenting with a perfusion volume smaller than the
initial lesion size. SMP were those in whom the perfusion volume, being bigger
than the initial DWI lesion, still underestimated the final lesion volume or
overestimated it by less than 5 ml or 20%. An overestimate of the final infarct
size larger than 20% caused the patient to be classified as an OMP. TNMP were
considered as those NMP in whom lesion growth between 1** day and final
follow up was less than 5 ml or 20% and FNMP were those NMP in whom
lesion growth was substantial and exceeded 5 ml and 20%.

Results

From the 145 acute stroke patients 58 were female (40%) and the median age
was 72 (interquartile range [IQR] 65 to 79.5 years) while from the 39 patients
without stroke, 16 were female (41%) and the median age was 67 years (IQR
44 to 74 years). All initial MRI scans were, for patients with stroke, performed
prior to the administration of tPA. For acute stroke patients the median
difference between the automatically and manually derived volumes was up to
210 ml in Perfscape/Neuroscape, 123 ml in PMA and 135 ml in Stroketool
(Table 1). The additional removal of CSF and scalp filtered out on average
between 6.11 ml and 52.53 ml of proposed non-cerebral tissue in PMA and
between 26.05 ml and 75.59 ml in Stroketool, bringing the median difference
between the manual and the automated perfusion volumes down to between
0.77 ml and 64.91 ml for PMA and 1.67 ml and 67.28 ml for Stroketool (Table
1).
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Table 1. Difference of ROI volumes between the automated and the manual protocol
Program Perfscape PMA PMA Stroketool Stroketool
/Neuroscape with filtering * with filtering *
Median Median Median Median Median
IQR IQR IQR IQR IQR
Parameter
25.80 123.68 64.91 122.89 37.50
Tmax 4s
12.8-66.1 75.2 -206.8 27.3-138.1 75.6-176.5 14.9-75.3
12.74 29.48 4.83 53.18 7.75
Tmax 6s
41-34.4 16.4-67.8 1.0-224 34.0-82.6 1.8-18.3
8.05 23.16 2.68 31.78 1.67
Tmax 8s
2.6-28.1 13.5-55.4 0.4-15.8 16.1-50.1 0.2-6.5
MTT 5s 186.78 35.12 11.59 129.35 58.74
151.4-248.5 17.8-87.8 3.4-441 82.5-225.7 21.8-130.5
MTT 6s 154.40 16.76 4.34 80.18 26.51
114.8 -207.0 8.4-49.0 0.9-18.4 49.1-143.6 8.0-63.7
MTT 8s 94.24 7.36 0.77 33.82 6.07
55.0-143.3 3.8-17.4 0.3-3.9 20.9-57.6 1.6-18.8
CBF 209.92 54.35 23.05 134.50 67.28
highest threshold 160.0 —262.8 27.5-107.9 7.6 —64.4 89.9-193.0 39.0-110.2
CBF 151.93 36.14 10.51 87.28 35.27
medium threshold 97.6-212.2 18.6-65.9 3.7-36.5 59.4-134.0 18.1-61.7
CBF 63.66 23.40 4.33 53.95 12.73
lowest threshold 39.6-119.4 13.3-39.3 1.4-15.3 37.2-83.0 6.6 —28.4

CBF indicates cerebral blood flow; MTT mean transit time; IQR interquartile range. All values are in ml.
* Values indicate volumes after additional CSF filtering in SPMS.

All correlation coefficients between perfusion volumes and radiological and
clinical outcome were considerably lower for the automatic volumes than for
the manually derived ones. In the automated protocol, the top performing
map (based on the correlation to radiological outcome) was Tmax in all three
programs, with correlation coefficients of 0.490 in Perfscape/Neuroscape,
0.498 in PMA and 0.473 in Stroketool (0.690, 0.698 and 0.668 respectively,
when using manually delineated volumes). For each program, Bland-Altman
plots of agreement between methods were made for the top performing
automatic map and threshold (Figure 1).
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Figure 1. Bland-Altman plots for the top performing automatic map and threshold, without additional
CSF filtering for PMA and Stroketool
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a - Perfscape/Neuroscape; b - PMA and c - Stroketool.

For each plot the mean and the limits of agreement (mean +/-2 standard deviations) are shown as solid lines.
The difference in perfusion volumes between methods was calculated with the manually derived perfusion
volumes being deducted from the automated perfusion volumes.

The median volume of the perfusion deficit varied greatly based on the map
and threshold. The distributions of perfusion volumes, for the same map and
threshold, were significantly different between programs (all p values < 0.01).
Spearman’s correlation coefficients between volumes calculated in different
programs were low for control patients (between 0.02 and 0.76) and
somewhat higher for acute stroke patients (between 0.17 and 0.83). For AIS
patients the correlation coefficients between perfusion volumes and outcome
were between 0,301 and 0.416 for clinical outcome and between 0,592 and
0,713 for radiological outcome, which is comparable to those in literature. A
sub-analysis showed that, in the group of patients with an occlusion on the
initial scan and no recanalization by the time of the follow-up MRI scan, the
correlation coefficients were improved as compared to the correlation
coefficients for all 145 patients together (between 0,462 and 0,744 for clinical
outcome and between 0,537 and 0,823 for radiological outcome).

For this group of 41 patients with a persistent vessel occlusion, when
further sub-grouped according to the presence and significance of mismatch
(into SMP, OMP, TNMP and FNMP, as described in the Methods section) the
best performing map was, in all three programs, CBF.
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In control patients the median volume of hypoperfused tissue, for all the
subjects, maps and thresholds put together, was 92.9 ml (IQR 13.3-323.4 ml)
when calculated with Perfscape/Neuroscape, 30.42 ml (IQR 13.9-71.4 ml) when
calculated with PMA and 78.71 ml (IQR 40.3-140.8 ml) when calculated with
Stroketool. When the additional removal of CSF and scalp was applied, the
median volume of hypoperfused tissue was 6.6 ml (IQR 1.8-35 ml) for PMA and
19.6 ml (IQR 6.3-60.9 ml) for Stroketool.

Discussion

Our study has the advantage of being one with the largest sample of patients
conducted at one centre and with a standardized imaging protocol. Firstly, it has
confirmed our initial hypothesis that existing software solutions, when
automated, produce exaggerated volumes of hypoperfused tissue on account of
numerous artifacts, both those specific to a particular program as well as those
common to all software packages. Typical examples of commonly encountered
artifacts were the cortex proximal to the skull and cerebral and cerebellar tissue in
direct proximity of the tentorium (Figure 2). In addition ROls created with PMA
and Stroketool suffered from such artifacts as the ventricles, eyeballs and scalp
(Figure 2).

Figure 2. Typical software artefacts

Perfscape PMA without = PMA with  Stroketool Stroketool
Neuroscape filtering filtering without filtering with filtering

T
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All maps are Tmax with a threshold of 8 s. Calculated parameter maps are shown in greyscale and the regions
of interest are depicted in pink. Row | shows the worst while row Il shows the best map created in each
program.
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These artifacts largely explain the overshoot of the automated delineations as
compared to the manual ones as well as the weak correlation coefficients between
automated volumes and clinical and radiological outcome which were, for all maps
and thresholds, notably inferior to the manual ones. On Bland-Altman plots of
agreement between the manual delineation method and the automated approach
most of the values fell within the limits of agreement (Figure 1). These limits are
however much too broad when one takes into consideration the median final lesion
volume for the cohort and also the fact that, based on location, even a lesion of a
few ml can carry significant clinical impact.

Successful CSF filtering greatly reduced the differences between the
automatic and the manual volumes, and with the choice of a high threshold the
percentage of false perfusion deficits could be brought down to as low as 0% - 5%.
However, an inherent flaw in simply using high thresholds to exclude noise lies in
the risk of also excluding credible areas of perfusion deficit which merely present
with lower values of hypoperfusion; thus resulting in false negative patients.
Therefore, we believe that automated protocols would, in addition to successful
filtering, also need to implement algorithms for judging asymmetry in perfusion
values between hemispheres and allow human input in selecting vessel territory in
order to produce a credible assessment of perfusion deficits.

In accordance to previous studies®!!

, our manually derived volumes of
hypoperfusion often overestimated the final lesion size and were very different
between maps. A new although not entirely unexpected finding was that these
volumes were also significantly different between programs for the same map and
threshold. Even when measures were taken to make the maps and thresholds
comparable the correlations between programs for the calculated volumes
remained unexpectedly low. Also, in the control patients cohort, subjects
sometimes suffered from a very different artifact load based on the program. A
possible cause for all this could lie in the different choice of AlFs, the use of different
deconvolution techniques, different implementations of the same calculation
algorithm, differences in motion correction across different programs'**3, but
potentially also rater bias during manual clean-up of ROls. It was not possible for us
to find a method which would offer a predictable estimate of final lesion size, either
for all patients or for any subgroup of patients. Strong associations and negligible
absolute volume differences between the perfusion volume estimate and the final
infarct volume, averaged over a group of more than a hundred patients, are not the
same as claiming that any of these maps and thresholds would offer a reliable

estimate of tissue outcome on a patient-to-patient basis.

10
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It is quite reasonable to conclude that ideal thresholds will vary from
patient to patient'*®, due to individual differences in mean hemispheric flow, the
presence and site of vessel occlusion, collateral blood flow and ratio of grey and
white matter within the affected area. In our patients, CBF maps enabled the best
prediction, especially for patients with a persistent vessel occlusion. At a low
threshold, most of the MP in our cohort have been SMP, presenting with
perfusion volumes corresponding to the minimum volume of tissue lost. The
advantage of such a restrictive threshold was in giving very few to no patients in
whom the perfusion volume overestimated the final infarct size. However, at such
low thresholds approximately half of the patients presented as NMP. A
subsequent switch to a high threshold in these NMP was able to identify whether
this was an indication for the non-existence of penumbra (if the perfusion volume
remained smaller than the initial DWI lesion), or whether the previous low
threshold was simply too restrictive to demonstrate tissue at risk (in patients who,
at this high threshold, presented with mismatch volumes). In a very small number
of patients the persistent lack of mismatch (in both thresholds) was caused by a
calculation error which produced FNMP.

We therefore recommend the following protocol, graphically illustrated in
Figure 3. A composite image showing the three typical patient outcomes when
following our suggested two-step algorithm (SMP at a low CBF threshold, NMP at
the low CBF threshold but SMP at the high threshold and TNMP confirmed at both
thresholds) is given in Figure 4. These results suggest that a combination of two
thresholds on a CBF map could differentiate between patients with penumbra and
those without, as well as provide the minimum volume of tissue destined for
infarction, therefore aiding the decision regarding the need for thrombolytic
therapy.

11
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Figure 3.
A diagram illustrating the two-step algorithm for the clinical evaluation of penumbra.

In the first step the initial lesion volume (based on DWI) is subtracted from the volume of hypoperfusion
(calculated using a low threshold). If this produces mismatch, the patient is assumed to have tissue at risk
equaling at least the mismatch volume. If the first step classifies a patient as not having mismatch, the second
step of the evaluation would be to scroll to a high threshold and then recalculate the mismatch. If mismatch is
present at this threshold, the physician assumes that this mismatch volume represents tissue at definite risk of
infarction. If the volume of hypoperfusion is still equal to or smaller than the initial lesion volume then it can be
assumed that there is no penumbra in this patient.
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Figure 4.
An illustration of the three expected patient outcomes.

Each row depicts images from one example patient. In this figure, all perfusion maps were created using PMA;
DWI represents the initial lesion on day 1, CBF 20 represents the low threshold and CBF 40 the high threshold
of the CBF perfusion map while FLAIR represents the final day follow-up. ROIs are depicted as black and
outlined in white. Volumetric values in the bottom left corner of each image represent the total volume of the
given ROI.

PATIENT A

PATIENT B

O
|-
=
—
=
&

13



Ivana Galinovic DISSERTATION

Evaluation of automated and manual perfusion MRI post-processing:
the search for accurate tissue fate prediction in acute ischemic stroke

SUMMARY

References

1. Warach S, Dashe JF, Edelman RR: Clinical outcome in ischemic stroke predicted by
early diffusion-weighted and perfusion magnetic resonance imaging: a
preliminary analysis. J Cereb Blood Flow Metab 1996; 16: 53—59.

2. Davis SM, Donnan GA, Butcher KS, Parsons M: Selection of thrombolytic therapy
beyond 3 h using magnetic resonance imaging. Curr Opin Neurol 2005; 18: 47—
52.

3. Hacke W, Albers G, Al-Rawi Y, Bogousslavsky J, Davalos A, Eliasziw M, Fischer M,
Furlan A, Kaste M, Lees KR, Soehngen M, Warach S: The Desmoteplase in Acute
Ischemic Stroke Trial (DIAS): a phase || MRIbased 9-hour window acute stroke
thrombolysis trial with intravenous desmoteplase. Stroke 2005; 36: 66—73.

4. Campbell BCV, Christensen S, Foster SJ, Desmond PM, Parsons MW, Butcher KS,
Barber PA, Levi CR, Bladin CF, Donnan GA, Davis SM: Visual assessment of
perfusion diffusion mismatch is inadequate to select patients for thrombolysis.
Cerebrovasc Dis 2010; 29: 592-596.

5. Sorensen AG, Copen WA, Ostergaard L, Buonanno FS, Gonzalez RG, Rordorf G, Rosen
BR, Schwamm LH, Weisskoff RM, Koroshetz WJ: Hyperacute stroke:
simultaneous measurement of relative cerebral blood volume, relative cerebral
blood flow, and mean tissue transit time. Radiology 1999; 210: 519-527.

6. Yamada K, Wu O, Gonzalez RG, Bakker D, Ostergaard L, Copen WA, Weisskoff RM,
Rosen BR, Yagi K, Nishimura T, Sorensen AG: Magnetic resonance perfusion-
weighted imaging of acute cerebral infarction effect of the calculation methods
and underlying vasculopathy. Stroke 2002; 33: 87-94.

7. Rose SE, Janke AL, Griffin M, Finnigan S, Chalk JB: Improved prediction of final infarct
volume using bolus delay-corrected perfusion-weighted MRI. Stroke 2004; 35:
2466-2471.

8. Kane |, Carpenter T, Chappell F, Rivers C, Armitage P, Sandercock P, Wardlaw J:
Comparison of 10 different magnetic resonance perfusion imaging processing
methods in acute ischemic stroke effect on lesion size, proportion of patients
with diffusion/perfusion mismatch, clinical scores, and radiologic outcomes.
Stroke 2007; 38: 3158—-3164.

9. Christensen S, Mouridsen K, Wu O, Hjort N, Karstoft H, Thomalla G, Réther J, Fiehler
J, Kucinski T, Ostergaard L: Comparison of 10 perfusion MRI parameters in 97
sub-6-hour stroke patients using voxel-based receiver operating characteristics
analysis. Stroke 2009; 40: 2055-2061.

10. Schellinger PD, Bryan RN, Caplan LR, Detre JA, Edelman RR, Jaigobin C, Kidwell CS,
Mohr JP, Sloan M, Sorensen AG, Warach S: Evidence-based guideline: the role
of diffusion and perfusion MRI for the diagnosis of acute ischemic stroke.
Neurology 2010; 75:177-185.

11. Sobesky J, Weber 0Z, Lehnhardt FG, Hesselmann V, Neveling M, Jacobs A, Heiss
WD: Does the Mismatch Match the Penumbra? Magnetic resonance imaging
and positron emission tomography in early ischemic stroke. Stroke 2005; 36:
980-985.

14



Ivana Galinovic DISSERTATION

Evaluation of automated and manual perfusion MRI post-processing:
the search for accurate tissue fate prediction in acute ischemic stroke

SUMMARY

12. Kosior RK, Kosior JC, Frayne R: Improved dynamic susceptibility contrast (DSC)-MR
perfusion estimates by motion correction. J Magn Reson Imaging 2007; 26:
1167-1172.

13. Kim J, Leirab EC, Callison RC, Ludwiga B, Moritani T, Magnotta VA, Madsen MT:
Toward fully automated processing of dynamic susceptibility contrast perfusion
MRI for acute ischemic cerebral stroke. Comput Methods Programs Biomed
2010; 98: 204-213.

14. Bristow MS, Poulin BW, Simon JE, Hill MD, Kosior JC, Coutts SB, Frayne R, Mitchell
JR, Demchuk AM: Identifying lesion growth with MR Imaging in acute ischemic
stroke. J Magn Reson Imaging 2008; 28: 837—-846.

15. Zaro-Weber O, Moeller-Hartmann W, Heiss WD, Sobesky J: A simple positron
emission tomography-based calibration for perfusion-weighted magnetic
resonance maps to optimize penumbral flow detection in acute stroke. Stroke
2010; 41: 1939-1945.

15



ANTEILSERKLARUNG

Ivana Galinovic DISSERTATION

Evaluation of automated and manual perfusion MRI post-processing:
the search for accurate tissue fate prediction in acute ischemic stroke

ANTEILSERKLARUNG

Ivana Galinovic contributed in the following percentage to the submitted
publications:

Publication 1: Galinovic I, Ostwaldt AC, Soemmer C, Bros H, Hotter B, Brunecker P,
Fiebach JB: Automated vs manual delineations of regions of interest- a comparison in
commercially available perfusion MRI software. BMC Med Imaging. 2012 Jul 18;12:16.
_75_ percent (%)

Beitrag im Einzelnen (bitte kurz ausfiihren):

The first author (lvana Galinovic) identified and characterised the patient cohort,
processed ca. 50% of the raw imaging data (creating perfusion imaging maps,
delineating regions of interest and calculating their volumes), did 90% of the
volumetric assessment of other sequences (diffusion weighted images and FLAIR
images), performed statistical analysis (100%), drafted the manuscript and all its tables
and figures and conducted the submission and revision process (90%).

Publication 2: Galinovic |, Ostwaldt AC, Soemmer C, Bros H, Hotter B, Brunecker P,
Schmidt WU, Jungehiilsing J, Fiebach JB: Search for a map and threshold in perfusion
MRI to accurately predict tissue fate: a protocol for assessing lesion growth in patients
with persistent vessel occlusion. Cerebrovasc Dis. 2011

_75_ percent (%)

Beitrag im Einzelnen (bitte kurz ausfiihren):

The first author (lvana Galinovic) identified and characterised the patient cohort,
processed ca. 50% of the raw imaging data (creating perfusion imaging maps,
delineating regions of interest and calculating their volumes), did 90% of the
volumetric assessment of other sequences (diffusion weighted images and FLAIR
images), performed statistical analysis (100%), drafted the manuscript and all its tables
and figures and conducted the submission and revision process (90%).

Publication 3: Galinovic I, Brunecker P, Ostwaldt AC, Soemmer C, Hotter B, Fiebach JB:
Fully automated postprocessing carries a risk of substantial overestimation of
perfusion deficits in acute stroke magnetic resonance imaging. Cerebrovasc Dis. 2011
_75_ percent (%)

Beitrag im Einzelnen (bitte kurz ausfiihren):

The first author (lvana Galinovic) identified and characterised the patient cohort,
processed ca. 75% of the raw imaging data (creating perfusion imaging maps,
delineating regions of interest and calculating their volumes), performed statistical
analysis (100%), drafted the manuscript and all its tables and figures and conducted
the submission and revision process (90%).

Ivana Galinovic, MSc

Berlin, 04.09.2012

16



Ivana Galinovic DISSERTATION

Evaluation of automated and manual perfusion MRI post-processing:
the search for accurate tissue fate prediction in acute ischemic stroke

SELECTED PUBLICATIONS

LITERATURHINWEIS

Galinovic |, Ostwaldt AC, Soemmer C, Bros H, Hotter B, Brunecker P, Fiebach JB.
Automated vs manual delineations of regions of interest- a comparison in
commercially available perfusion MRI software. BMC Med Imaging. 2012 Jul 18;12:16.
doi: 10.1186/1471-2342-12-16. PMID: 22809148.

Galinovic |, Ostwaldt AC, Soemmer C, Bros H, Hotter B, Brunecker P, Schmidt WU,
Jungehiilsing J, Fiebach JB. Search for a map and threshold in perfusion MRI to
accurately predict tissue fate: a protocol for assessing lesion growth in patients with
persistent  vessel occlusion. Cerebrovasc Dis. 2011;32(2):186-93. doi:
10.1159/000328663. Epub 2011 Aug 15. PMID: 21849778.

Galinovic 1, Brunecker P, Ostwaldt AC, Soemmer C, Hotter B, Fiebach JB. Fully
automated postprocessing carries a risk of substantial overestimation of perfusion
deficits in acute stroke magnetic resonance imaging. Cerebrovasc Dis. 2011;31(4):408-
13. doi: 10.1159/000323212. Epub 2011 Feb 22. PMID: 21346342.

17



CURRICULUM VITAE

IVANA GALINOVIC msc

Center for Stroke Research Berlin CSB
Charité - Universitatsmedizin Berlin

Campus Benjamin Franklin
Hindenburgdamm 30
DE 12200 Berlin

Tel. +49 (0)30 8445 4174
ivana.galinovic @ charite.de

Mein Lebenslauf wird aus datenschutzrechtlichen Griinden in der
elektronischen Version meiner Arbeit nicht veroéffentlicht.

34



PUBLICATIONS

Ivana Galinovic DISSERTATION

Evaluation of automated and manual perfusion MRI post-processing:
the search for accurate tissue fate prediction in acute ischemic stroke

LIST OF PUBLICATIONS

Original papers

1. Kufner A, Galinovic I, Brunecker P, Cheng B, Thomalla G, Gerloff C, Campbell BC,
Nolte CH, Endres M, Fiebach JB, Ebinger M: Early infarct FLAIR hyperintensity is
associated with increased hemorrhagic transformation after thrombolysis.

Eur J Neurol. 2012 Aug 20. doi: 10.1111/j.1468-1331.2012.03841.x. [Epub ahead of
print]

2. Galinovic I, Ostwaldt AC, Soemmer C, Bros H, Hotter B, Brunecker P, Fiebach JB:
Automated vs manual delineations of regions of interest- a comparison in
commercially available perfusion MRI software.

BMC Med Imaging. 2012 Jul 18;12:16.

3. Xu C, Schmidt WU, Galinovic I, Villringer K, Hotter B, Ostwaldt AC, Denisova N,
Kellner E, Kiselev V, Fiebach JB: The potential of microvessel density in prediction of
infarct growth: a two-month experimental study in vessel size imaging.

Cerebrovasc Dis. 2012;33(4):303-309.

4. Ebinger M, Kufner A, Galinovic I, Brunecker P, Malzahn U, Nolte CH, Endres M,
Fiebach JB: Fluid-attenuated inversion recovery images and stroke outcome after
thrombolysis.

Stroke. 2012 Feb;43(2):539-542.

5. Thomalla G, Cheng B, Ebinger M, Hao Q, Tourdias T, Wu O, Kim JS, Breuer L, Singer
0OC, Warach S, Christensen S, Treszl A, Forkert ND, Galinovic I, Rosenkranz M,
Engelhorn T, Kbhrmann M, Endres M, Kang DW, Dousset V, Sorensen AG, Liebeskind
DS, Fiebach JB, Fiehler J, Gerloff C; STIR and VISTA Imaging Investigators: DWI-FLAIR
mismatch for the identification of patients with acute ischaemic stroke within 4-5 h of
symptom onset (PRE-FLAIR): a multicentre observational study.

Lancet Neurol. 2011 Nov;10(11):978-986

6. Galinovic I, Ostwaldt AC, Soemmer C, Bros H, Hotter B, Brunecker P, Schmidt WU,
Jungehiilsing J, Fiebach JB: Search for a map and threshold in perfusion MRI to
accurately predict tissue fate: a protocol for assessing lesion growth in patients with
persistent vessel occlusion.

Cerebrovasc Dis. 2011;32(2):186-193.

7. Vukovié-Cvetkovi¢ V, Plavec D, Lovrenci¢-Huzjan A, Galinovic I, Seri¢ V, Demarin V: Is
iron deficiency anemia related to menstrual migraine? Post hoc analysis of an
observational study evaluating clinical characteristics of patients with menstrual
migraine.

Acta Clin Croat. 2010 Dec;49(4):389-394.

36



Ivana Galinovic DISSERTATION

Evaluation of automated and manual perfusion MRI post-processing:
the search for accurate tissue fate prediction in acute ischemic stroke

LIST OF PUBLICATIONS

8. Galinovic I, Brunecker P, Ostwaldt AC, Soemmer C, Hotter B, Fiebach JB: Fully
automated postprocessing carries a risk of substantial overestimation of perfusion
deficits in acute stroke magnetic resonance imaging.

Cerebrovasc Dis. 2011;31(4):408-413

9. Ebinger M, Ostwaldt AC, Galinovic I, Rozanski M, Brunecker P, Nolte CH, Endres M,
Fiebach JB: Clinical and radiological courses do not differ between fluid-attenuated
inversion recovery-positive and negative patients with stroke after thrombolysis.
Stroke 2010 Aug;41(8):1823-1825

10. Ebinger M, Galinovic I, Rozanski M, Brunecker P, Endres M, Fiebach JB: FLAIR
evolution within 12 hours from stroke onset — a reliable tissue clock?
Stroke. 2010 Feb;41(2):250-255

11. Vukovi¢ V, Galinovi¢ I, Lovrenci¢-Huzjan A, Budisi¢ M, Demarin V: Women and
stroke: how much do women and men differ? A review--diagnostics, clinical
differences, therapy and outcome.

Coll Antropol. 2009 Sep;33(3):977-984

12. Galinovic G, Vilibic-Cavlek T, Ljubin-Sternak S, Drazenovic V, Galinovic I, Tomic V,
Welliver R: Eleven consecutive years of respiratory syncytial virus outbreaks in Croatia.
Pediatr Int. 2009 Apr;51(2):237-240.

13. Galinovic I, Vukovic V, Troselj M, Antic S, Demarin V: Migraine and Tension-Type
Headache in Medical Students: A Questionnaire Study.
Coll Antropol. 2009 Mar;33(1):169-173.

14. Mlinaric-Galinovic G, Welliver RC, Vilibic-Cavlek T, Ljubin-Sternak S, Drazenovic V,
Galinovic I, Tomic V: The biennial cycle of respiratory syncytial virus outbreaks in
Croatia.

Virol J. 2008 Jan 28;5:18.

15. Anti¢ S, Galinovié I, Lovrencié-Huzjan A, Vukovi¢ V, Jurasi¢ MJ, Demarin V: Music as
an auditory stimulus in stroke patients.
Coll Antropol. 2008 Jan;32 Suppl 1:19-23.

16. Vukovi¢ V, Plavec D, Galinovi¢ I, Lovrenci¢-Huzjan A, Budisi¢ M, Demarin V:
Prevalence of vertigo, dizziness, and migrainous vertigo in patients with migraine.
Headache. 2007 Nov-Dec;47(10):1427-1435.

17. Tomi¢ V, Sporis G, Nizi¢ D, Galinovi¢ I: Self-reported Confidence, Attitudes and

Skills in Practical Procedures among Medical Students: Questionnaire Study.
Coll Antropol. 2007 Sep;31(3):683-688.

37



Ivana Galinovic DISSERTATION

Evaluation of automated and manual perfusion MRI post-processing:
the search for accurate tissue fate prediction in acute ischemic stroke

LIST OF PUBLICATIONS

Presentations and posters at conferences

1. Galinovic I: Die Rolle der Bildgebung bei der Selektion akuter Schlaganfallpatienten
ANIM 2012, Berlin, Germany, January 2012

2. Galinovic I, Ostwaldt A.C, Sommer C, Bros H, Hotter B, Brunecker P, Schmidt W,
Jungehuelsing J, Fiebach J.B: Search for a map and threshold in perfusion MRI to
accurately predict tissue fate: a protocol for assessing lesion growth in patients with a
persistent vessel occlusion. European Stroke Conference 2011, Hamburg, Germany,
May 2011, Oral presentation

3. Galinovic I, Ostwaldt A.C, Sommer C, Bros H, Hotter B, Brunecker P, Fiebach J.B: Are
automated protocols for magnetic resonance perfusion imaging ready for clinical use?
European Stroke Conference 2011, Hamburg, Germany, May 2011, Poster
presentation

4. Galinovic I, Ostwaldt A.C, Hotter B, Brunecker P, Schmidt W, Fiebach J.B: Fully
automatic delineation of hypoperfused tissue in perfusion MRI compared to a
semiautomated approach results in considerable discrepancies in perfusion deficit
volumes. European Stroke Conference 2010, Barcelona, Spain, May 2010, Oral
presentation

5. Galinovic I, Hotter B, Pittl S, Ebinger M, Oepen G, Jegzentis K, Kudo K, Rozanski M,
Schmidt WU, Brunecker P, Xu C, Martus P, Endres M, Jungehiilsing GJ, Villringer A,
Fiebach JB: 1000 Plus study: Prospective study on the mismatch concept in acute
stroke patients within the first 24h after symptom onset. European Stroke Conference
2009, Stockholm, Sweden, May 2009, Poster presentation

6. Antic S, Galinovi¢ I, Lovrenci¢-Huzjan A, Vukovic¢ V, Jurasic MJ, Morovi¢ S, Demarin V:
Music as an auditory stimulans in stroke patients. Neurosonology Conference 2007,
Budapest, Hungary, May 2007, Poster presentation

7. Galinovic I, Anti¢ S, Lovrenci¢-Huzjan A, Vukovi¢ V, Jurasic MJ, Demarin V: Reduced
vasoreactivity to music in stroke patients. Neurosonology Conference 2007, Budapest,
Hungary, May 2007, Poster presentation

8. Lovrenci¢-Huzjan A, Vukovié¢ V, Galinovic I, Gopcevi¢ A, Vuci¢ M, Halapir T, Budisi¢
M, Anti¢ S, Demarin V: Usefulness of transcranial doppler in brain death confirmation.
Neurosonology Conference 2007, Budapest, Hungary, May 2007, Poster presentation

9. Vukovic V, Antic S, Barun B, Lovrencic-Huzjan A, Galinovic I, Demarin V: One year

follow up of patients with occlusive carotid artery disease. Neurosonology Conference
2007, Budapest, Hungary, May 2007, Poster presentation

38



Ivana Galinovic DISSERTATION

Evaluation of automated and manual perfusion MRI post-processing:
the search for accurate tissue fate prediction in acute ischemic stroke

LIST OF PUBLICATIONS

10. Lovrencié-Huzjan A, Vukovi¢ V, Anti¢ S, Galinovié¢ I, Demarin V: Multiple localised
craniocervical artery dissections developing after aortic arch dissection.
Neurosonology Conference 2007, Budapest, Hungary, May 2007, Poster presentation

11. Antic S, Galinovic I, Lovrencic-Huzjan A, Vukovic V, Jurasic MJ, Morovic S, Demarin
V. Response to music in patients with acute ischaemic stroke. 11th European
Federation of Neurological Societies Congress, Brussels, Belgium, August 2007, Poster
presentation

12. Anti¢ S, Vukovi¢ V, Jurasi¢ MJ, Lovrenci¢-Huzjan A, Galinovi¢ I, Budisi¢ M, Morovié
S, Demarin V: Stroke risk factors in Croatian population-A pilot study. 47th
International Neuropsychiatric, Pula, Croatia, June 2007, Poster presentation

13. Galinovic I, Antic¢ S, Lovrenci¢-Huzjan A, Vukovic V, Jurasic MJ, Demarin V: Reduced
vasoreactivity to music in stroke patients. 47th International Neuropsychiatric, Pula,
Croatia, June 2007, Poster presentation

Contributions to books and popular scientific journals

1. Vukovi¢ V, Plavec D, Lovrenci¢-Huzjan A, Galinovic I, Aleksi¢-Shihabi A, Demarin V:
Migraine and the influence of hormones.
In: Acta Med Croatica 2008; 62(2):141-4. (Excerpta Medica)

2. Vukovi¢ V, Plavec D, Galinovi¢ I, Lovrenci¢-Huzjan A, Demarin V: Prevalence of
vertigo and dizziness in migraine patients and non-headache subjects.
In: HAZU 2007, 497 (31); 91-101 (Croatian).

3. Mejaski Bosnjak V, Krakar G, Puranovi¢ V, Luji¢ L, Galinovi¢ I: Intrakranijska
ultrasonografija u dijagnostici i pra¢enju djece s perinatalnom CMV infekcijom
(Intracranial ultrasonography in the diagnosis and follow-up of children with a
perinatal CMV infection).

In: Kupesi¢ S, Stanojevi¢ M, Habek D: Odabrana poglavlja iz ultrazvuka u ginekologiji i
perinatologiji, 2006, pp.177-182 (Croatian).

39



Ivana Galinovic DISSERTATION

Evaluation of automated and manual perfusion MRI post-processing:
the search for accurate tissue fate prediction in acute ischemic stroke

SELBSTANDIGKEITSERKLARUNG

ERKLARUNG

Ich, Ilvana Galinovic, erkldre, dass ich die vorgelegte Dissertation mit dem
Thema: ,Evaluation of automated and manual perfusion MRI post-processing:
the search for accurate tissue fate prediction in acute ischemic stroke” selbst
verfasst und keine anderen als die angegebenen Quellen und Hilfsmittel
benutzt, ohne die (unzuldssige) Hilfe Dritter verfasst und auch in Teilen keine
Kopien anderer Arbeiten dargestellt habe.

Ivana Galinovic, MSc

Berlin, 04 September 2012

40



Ivana Galinovic DISSERTATION

Evaluation of automated and manual perfusion MRI post-processing:
the search for accurate tissue fate prediction in acute ischemic stroke

ACKNOWLEDGEMENTS

I would like to, first and foremost, thank my supervisor Jochen B. Fiebach for his
guidance and mentorship; for always finding the time to discuss my questions
and for unconditionally backing me up in my professional interests. | would
also like to thank all of my colleagues at the Center for Stroke Research Berlin
for their dedicated teamwork and the ever existing atmosphere of genuine
warmth and friendship. Of my colleagues, | would especially like to single out
Peter Brunecker for his invaluable IT support and my hardworking students:
Ann-Christin Ostwaldt, Carina Soemmer and Helena Bros, for sharing the
painstaking hours of data processing with me. Additionally, | thank my parents
for making this future at all possible for me, and all my friends for their loving
support. Last but never least; | need to thank Tihomir Viderman, for lending
beauty and grace to everything in my life, including this PhD thesis.

41



